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THE HEAVY ECONOMIC burden placed on 
the United States by hog cholera stimu- 
lates interest in any disease which might 
add to that burden. African 
swine fever is such a disease. It has not 
yet been observed in the United States, but 
there is much interest in preventing its 
entry and establishment. Recognition of 
the disease is a prerequisite to its control, 
and its differentiation from hog cholera is 
esselitial to recognition. In the absence of 
specific diagnostic tests, differentiation is 
dependent largely upon the appearance of 
ind lesions, sup- 
ported by its immunological distinction 
from hog cholera. It is our purpose to 
compare the lesions of African swine fever 
with those of acute hog cholera. 
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MATERIALS AND METHODS 
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African Swine Fever—The incubation 
period following contact exposure to Afri- 
can swine fever was five to nine days, the 
shorter period being the more common. 
Experimental infection from parenteral 
inoculation was first evidenced by a rise in 
temperature in from two to five days. 

The onset of the disease was marked by 
an abrupt elevation of temperature to 
above 105 F., which persisted for about 
four days. Distinct clinical signs (other 
than high fever) usually were not ap- 
parent until the temperature began to de- 
cline, about 48 hours preceding death. De 
Kock* reported numerous field 
which death in the herd was the first sign 
of illness observed, the majority of the 
animals in the herd living two or three 
days after becoming obviously ill (graph 
1). During the first three or four days of 
fever, the animals usually appeared bright 
and continued to eat and move about nor- 
mally. Then they stopped eating, became 
obviously depressed, and usually lay hud- 
dled together in a corner. When foreed to 
move, they did so reluctantly and exhibited 
profound weakness and_ incoordination, 
especially of the hindlegs. The pulse was 
extremely rapid. Cough and accelerated 
respiration or dyspnea appeared in about 
one third of the animals. Serous to muco- 
purulent conjunctival and nasal discharges 
seldom were present and the often 
was dry. According to Steyn,”® diarrhea, 
which is occasionally bloody, and vomiting 
may occur with some strains of virus, but 
these manifestations were not observed in 
our animals. Blood has been observed in 
the feces in the absence of diarrhea. Cya- 
notice areas often were seen on the extremi- 
In general, the clinical features of 
our cases were compatible with those de- 
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scribed by Montgomery,’ Steyn,*® Wal- 
ker,** and De Kock.* 

The changes in the blood during the 
clinical course of African swine fever were 
similar to those of hog cholera. De Kock * 
reported an average drop of about 50 per 
cent in the total leukocyte count in 3 of 5 
animals. The decrease in lymphocytes was 
commensurate. Blood counts have been re- 
ported for few animals, but leukopenia 
with an absolute lymphopenia would be 
expected from the extensive 
lymphocytes seen histologically in lymph- 
oid tissues. DeTray and Scott observed 
leukopenia beginning on the day the tem- 
perature with the leukocyte count 
dropping steadily to about 40 per cent of 
normal by the fourth day of fever. They 
also observed lymphopenia and an increase 
in the number of immature neutrophils. 

Death usually occurs by the seventh day 
after onset of fever, frequently only a day 
or two after the owner observes the first 
signs of illness. The mortality in domestic 
swine usually approaches 100 per cent. The 
few recoveries reported usually have been 
among animals infected by contact with 
wild pigs. Passage of the virus through 
domestic enhances its virulence 
that recovery is rare in either natural or 
experimental infections. The rare pig that 
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rose, 


swine so 


PATHOLOGY OF AFRICAN SWINE FEVER 


519 


recovers the virus for many 
months. 

Hog Cholera—In our experience with 
experimental and natural cases of hog 
cholera, the clinical signs were similar to 
those of African swine fever but usually 
appeared sooner after the rise in tempera- 
ture (graph 2). The clinical course was 
slightly longer and the mortality slightly 
lower. Mucopurulent exudate in the ex- 
ternal nares that caused difficult breathing 
and mucopurulent conjunctival discharges 
were common. Examination of the blood 
of our experimental animals revealed an 
elevated sedimentation rate, severe leuko- 
penia that was due primarily to lympho- 
penia, an increase in immature neutrophils, 
toxic vacuolation of leukocytes, 
thrombocytopenia, and mild anemia, with 
the presence of a few nucleated erythroid 


cells. 


may carry 


severe 


PATHOLOGY 
GENERAL 
African Swine Fever—Animals_ with 
typical African swine fever usually died 
so rapidly that loss of condition was un- 
common. However, the skin often was 
relatively inelastic, the coat dull, and the 
eyeballs sunken from dehydration. Early 
rigor mortis and autolysis indicated the 
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Graph 1—Diagrammatic 
representation of the se- 
quence of clinical signs 
in African swine fever. 
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CLINICAL CHART - HOG CHOLERA 
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need for prompt necropsy. Swine which 
died from African swine fever sometimes 
had soiled streaks beneath their eyes from 
serous lachrymal discharge, but conjune- 
tivitis was uncommon. De Kock? has re- 
ported bleeding from the eyes in a South 
African hog. Cyanosis of the relatively 
hairless skin on the snout, axillae, 
flanks, vulva, tail, and fetlocks, and ecuta- 
neous hemorrhages on the abdominal wall 
and legs often were striking in our light- 
colored pigs. 

When the thoracic and abdominal cavi- 
ties were opened, the pericardial, pleural, 
and peritoneal fluids were seen to be ex- 
cessive in quantity ; they were usually clear 
and yellow, but occasionally were tinged 
with blood. De Kock? also frequently ob- 
served an excess of pleural and pericardial 
fluid. Blood vessels, especially small super- 
ficial vessels of the abdominal viscera and 
mesentery, were severely engorged. Small 
tan to bright red petechiae, so-called 
‘*bran-flecks,’’ were seen on the serosa of 
the viscera, especially the small intestine. 
Dark hemorrhages deep in the wall of the 
colon often were conspicuous. Occasionally, 
there were diffuse hemerrhages in the peri- 
renal fat and fascia. Localized 
edema were found in the mesentery of the 
colon, around the gallbladder and _ bile 
duct, and around and between the kidneys. 
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Graph 2—Diagrammatic 

representation of the se- 

quence of clinical signs 
in hog cholera. 
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Interlobular and subpleural edema often 
Was prominent, and epicardial hemor- 
rhages were striking 

Hog Cholera—I\n hog cholera, we ob- 
served a tenacious conjunctival discharge 
that frequently accumulated on the eye- 
lids and often caused ankyloblepharon. 
Dried, crumbly, reddish brown exudate 
adhered to the face just beneath the medial 
canthi. However, conjunctival congestion 
was not The external nares often 
were filled with thick, gray-white, muco- 
purulent exudate, and similar exudate 
often was present in the nasal cavity and 
Evidence of terminal diarrhea 
was found typically at necropsy, and a loss 
of 15 to 20 per cent of the body weight was 
not uncommon. Hemorrhages in the skin 
were seldom as striking as those seen in 
African swine fever. Necrosis resulting 
from infarction of the mucosa of the pos- 
terior soft palate, pillars of the pharynx, 
and the tonsils, often seen in our animals 


severe. 
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animals with African swine When 
the pleural and were 


opened, 
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neys, congestion of the mesentery and, 
perhaps, a few infarcts in the spleen. 
SKIN 

African Swine Fever.—The cyanotic 
patches of skin observed grossly in African 
swine fever were sharply demarcated, red- 
dish purple, and frequently swollen. In 
animals with severe cases, the dependent 
portion of the ears was thickened, doughy, 
and did not blanch on pressure. Hemor- 
rhages on the abdomen and legs often were 
numerous and suggested purpura. They 
were several millimeters in diameter, ir- 
regular in shape, and had dark red centers 
with fading edges. 

Microscopic changes in blood vessels 
which contribute to many of the gross le- 
sions in African swine fever, as observed 
by De Kock,* are similar to those described 
previously for hog cholera by Seifried and 
Cain.*? Small blood vessels in the dermis, 
especially the papillary dermis, were dis- 
tended with blood, thus accounting for the 
cyanosis seen grossly. In many areas in the 
skin that, grossly, looked like hemorrhage, 
only congestion could be demonstrated 
microscopically (fig. 1). Many capillaries 
in these cyanotic areas were entirely or 4 
partly occluded by dense, acellular, amor- 
phous, eosinophilic masses (fig. 2), which 
were finely granular or slightly fibrillar 
end often adherent to the endothelium. 
Leukocytes and erythrocytes occasionally 
were trapped in the masses. Endothelium 
frequently was found over the surface of 
the mass, as well as lining of the vessel, 
and the two layers were separated by a 
narrow space that often contained blood 
elements (fig. 3). Occasionally, endothe- 
lioid cells, but not fibroblasts, were present 
in the center of the occluding masses. The 


Fig. 1—Section of skin from an animal with Afri- 
can swine fever, showing congestion of capillaries 
in the papillary dermis and necrosis (A) of the 
tips of the rete pegs. The necrotic areas are eosin- 
ophilic with pyknotic nuclei. H & E stain; x 320. 


Fig. 2—Section of skin from an animal with Afri- 

can swine fever, showing (A) amorphous eosino- 

philic masses within capillaries, and (B) thickened 

hyaline capillary wall. The dark-staining cells (C) 
are eosinophils. H & E stain; x 1,000. 


Fig. 3—Section of skin from an animal with hog : “ 
cholera, showing occlusion of a capillary by a eat” 
PAS-positive mass. Similar changes may occur in | = 
African swine fever. Endothelium covers the sur- 7 SS © 
face of the occluding mass and lines the vessel, 
and there are endothelioid cells within the mass. AFIP Acc. 765767, MIS 57-8518 (fig. 1) 

PAS stain; x 600. MIS 57-7859 (fig. 2 Acc. 746348, MIS 57-7856 (fig 
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exact nature of this material is not clear, 
but it resembles a platelet thrombus. It 
gives a positive PAS reaction and stains 
pale yellow with Van Gieson’s and pale 
blue with Masson’s trichrome and Rich- 
ter’s cell stains. Fibrin is demonstrated 
with the Weigert fibrin stain, but no retic- 
ulum fibers are present. Amyloid can not 
be demonstrated with Congo red or crystal 
violet stains. 

The walls of the capillaries often ap- 
peared slightly thickened, hazy in outline, 
and pale staining, as if they were edema- 
tous, especially at the sites of attachment 
of occluding masses. This appearance often 
was even more pronounced in arterioles 
and could be better studied in PAs prepa- 
rations. At first, PAS-positive material ac- 
cumulated just beneath the endothelium, 
where it sometimes was seen as a chain of 
fine droplets, but more often as long, thin, 
amorphous strands. In arterioles, similar 
material accumulated elsewhere in the 
wall, apparently on elastic fibers and cell 
membranes and diffusely in the cytoplasm, 
and tended to form long hyalin-like strands 
which extended around most of the cireum- 
ference of the vessels. Finally, in a few 
cases, the elastic fibers, smooth muscle, and 
adventitial cells were replaced by a broad 
homogeneous band of PAs-positive material 
which was obvious under the microscope, 
with low power. Scattered around 
these altered arterioles and capillaries were 
loose accumulations of eosinophils. 


even 


Hydropic changes often were present in 
the basilar layers of the epidermis. At the 
margins of congested areas, distinctive 
homogeneous eosinophilic necrosis of the 


tips of the rete pegs often was seen, al- 
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though the overlying epithelium appeared 
normal. 

The same changes occurred in the skin 
of our animals with hog cholera but, be- 
cause of the longer course, the occluding 
were frequently organized 
and the changes in the vessel walls often 
were more prominent. The hemagglutina- 
tion that took place within these vessels is 
particularly significant, since our repeated 
attempts to perform in vitro hemagg|uti- 
nation always have failed. The hemagglu- 
tination observed in our animals with hog 
and African swine fever appar- 
ently was like that described previously 
by Beamer? for hog cholera. Eosinophils 


the vessels. 


masses more 


cholera 


seldom were seen around 
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African Swine 


LYMPH 


Fever In African swine 
fever, the lymph nodes provided some of 
the most distinctive The visceral 
nodes were hemorrhagic to a degree rarely, 
if ever, Superficially 
and on cross section, the most hemorrhagic 
looked like hematomas than 
lymph nodes. The gastric, hepatic, renal, 
and mesenteric most consis- 
tently and severely hemorrhagic. The tho- 
racic and mandibular nodes usually were 
mottled with hemorrhages. In the super- 
ficial groups of the hemorrhages 
were relatively slight and peripheral in 
distribution. An occasional node showed 
nothing but swelling, and the eut surface 
was moist. In a few animals, the 
were congested rather than hemorrhagic 
and appeared diffusely pink to red. <A 
grayish mottling of the peripheral or cut 
surface that indicated often 
present. 


lesions 
seen in hog cholera. 
nodes more 
nodes were 


nodes, 


nodes 


necrosis Was 
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Fig. 4—Section of a lymph node from an animal with African swine fever, showing congestion 
and hemorrhage. (A) Hemorrhage in a paratrabecular sinus; (B) lymphatic follicles still are 


present; (C) there is no hemorrhage in the peripheral cell-poor tissue. 


H & E stain; x 22. 


Fig. 5.—Section of a lymph node from an animal with African swine fever showing massive 

hemorrhage, as compared with figure 6. The pale areas (A) are remnants of lymphoid tissue; 

most of the lymphoid tissue has been replaced by blood (dark areas). The presence of large 
amounts of blood caused fragmentation of the tissue section. H & E stain; x 20. 


Fig. 6—Section of a lymph node from an animal with African swine fever, with extensive 
necrosis and loss of follicular architecture. Figures 3, 4, and 5, with different appearances, are 


sections from the same animal. 


H & E stain; x 70. 


Fig. 7—Higher magnification of the lymph node shown in figure 6, showing severe pyknosis 
and karyorrhexis of lymphoid cells and thickened, pale-staining capillary wall (arrow). H & E 
stain; x 930. 


—AFIP Ace. 5757, MIS 57-1232 (fig. 4); Ace 
57-4201 (fig. 6); Ace. 67: , MIS 57-7880 (fig. 7) 


Figures 4, 5, 6, 7 


6: 231 (fig. 5); Ace. 675757. MIS 
675757, MIS 57-123 
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Histologically, the lymph nodes of swine 
which died or were killed in the terminal 
stages of African swine fever invariably 
showed hemorrhage, necrosis, and reactive 
changes in eapillary walls. Individual 
nodes did not necessarily show every one 
of these changes, but all three have been 
demonstrated among the nodes in every 
animal examined. 

Small focal hemorrhages first appeared in 
the subcapsular reticular spaces beneath the 
lymph sinuses and adjacent to the lymph- 
oid follicles (fig. 4). As they increased 
in size, they involved additional interfol- 
licular reticular tissue progressively. With 
hemorrhage of this extent, the peripheral 
lymph sinuses (which correspond to the 
medullary sinuses in other species) usually 
appeared normal, so that the hemorrhage, 
although peripheral, was not directly ad- 
jacent to the capsule. Viewed grossly, such 
nodes appeared more or less completely 
hemorrhagic but, on section, the 
hemorrhage was found in the periphery, 
with streaks which occasionally penetrated 
the node. In the more completely hemor- 
rhagic nodes, erythrocytes filled the lymph 
sinuses and reticular and finally 
infiltrated and displaced the lymphoid 
follicles (fig. 5). The centers of the fol- 
licles occasionally were infiltrated with 
erythrocytes. Surprisingly, the hemor- 
rhagic nodes rarely were congested. Mild 
edema occurred, but often was obscured by 
the hemorrhage. 

Necrosis of lymphoid tissue, particularly 
of mature lymphocytes, always was found 
in our animals with African swine fever, 
if enough nodes were studied. Necrosis 
usually was a prominent and character- 
istic feature. When the first peripheral 
congestion and hemorrhage occurred, small 
accumulations of nuclear debris were 
found just outside the margins of the lym- 
phatie follicles. As reported also by De 
Kock,! various stages of karyorrhexis and 
pyknosis were seen in adult lymphocytes 
in these areas. As the disease progressed, 
more and more lymphocytes were de- 
stroyed and the reticular stroma contained 
large, ill-defined areas of nuclear debris 
(fig. 6, 7). The follicles frequently had 
large, but relatively inactive, germinal 
centers. The extent of the necrosis was 
independent of the amount of hemorrhage. 
Later in the disease, small focal areas of 
necrosis developed near the follicles and 
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subsequently involved the stroma, as well 
as lymphoid elements. 
sisted of a relatively 
philic, fibrillar matrix surrounded 
zone of nuclear debris mixed with 
aggregates of erythrocytes. Adjacent areas 
of necrosis sometimes enlarged and merged 
to replace lymphatic follicles. When the 
was extensive, numerous eosino- 
phils, a few plasma cells, and phagocytes 
laden with nuclear fragments were present, 
but neutrophils were rare. Necrosis of this 
pattern, involving the reticular stroma as 
well as lymphoid elements, probably can 
be explained on the basis of interference 
with the blood supply (infarction), while 
the destruction of lymphocytes is believed 
to be due to the direct action of the virus. 

In African swine fever, reactive changes 
in the terminal arterioles and capillaries 
were the constant when the 
nodes were considered individually. The 
capillaries and arterioles in the interfol- 
licular reticular most consis 
tently and strikingly affected. Normally 
the capillaries, unless filled with blood, are 
difficult to see; but here, as a result of the 
severe depletion of lymphocytes, they were 
conspicuous and appeared to be abnormally 
numerous. They usually were contracted 
and empty. The walls often appeared 
edematous, thickened, pale staining, and 
hazy in outline. Vessel walls in which only 
one or two endothelial nuclei were visible 
frequently exceeded the diameter: of the 
lumen in thickness. 

Late in the disease, in many cases, indi- 
vidual cell outlines disappeared, and the 
walls assumed an acellular, homogeneous, 
hyaline appearance. Periodic acid-Schiff- 
positive material, similar to that described 
for the skin, could be demonstrated in the 
walls of these vessels. Although the endo- 
thelium remained intact, individual 
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acellular, 
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most lesions 


tissue were 


cells 


often were swollen, with plump vesicular 


nuclei which protruded into the lumen. 
Endothelial hyperplasia was rare. Adja- 
cent to areas of severe lymphoid necrosis, 
these vessels were occluded by the acellular 
PAS-positive material, described for vessels 
in the skin. Occasionally, there was an 
extensive subendothelial accumulation of 
acidophilic, finely granular, proteinaceous 
material in which erythrocytes were sus- 
pended (fig. 8). Such accumulations some- 
times the diameter of a_ vessel 
from 10 to 50 » and obliterated the lumen 


increased 
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Similar changes were seen in vessels in the 
perinodal fat. Fragmentation of endo- 
thelial nuclei and a slight cellular reaction, 
which probably is evidence of a toxic fac- 
tor rather than the direct effect of the 
virus, sometimes were observed in vessels 
at the periphery of the node, in the cap- 

sule, or perinodal fat. In the majority of 
‘ nodes, the vessel changes were subtle and 
did not progress as far as hyaline thick- 
ening. 

There was surprisingly little correlation 
between morphological evidence of vessel 
changes and hemorrhage or necrosis in in- 
dividual sections; either might appear 
alone in a node. Most common was a com- 
bination of mild edematous thickening in 
the capillary walls, moderate hemorrhage 
in the peripheral ‘‘cell-poor’’ areas, and 
severe necrosis (karyorrhexis) of lymphoid 
cells. Infrequently, generalized congestion 
was associated with numerous fibrillar vas- 
cular occlusions, massive necrosis, and se- 
vere reactive processes, changes which 
probably represent infarction caused by 
thrombosis of one or more large vessels. 

Hog Cholera.—The lesions in the vessels 


and lymph nodes in hog cholera have been 
94 


and Rohrer.*” In our animals, hemorrhage 
in the peripheral ‘‘cell-poor’’ areas of the 
nodes progressed like that in animals with 
African swine fever, but massive hemor- 
rhage was rare. The lymph nodes most 
severely affected grossly were the man- 
dibular, colonic, hepatic, bronchial, iliae, 
and renal. Hemolymph nodes in the medi- 
astinum and at the origin of the renal 
arteries should not be mistaken for hemor- 
rhagiec nodes, although additional blood 
may collect in these structures in the 
course of either disease. Excessive manipu- 
lation of nodes at necropsy may result in 


Fig. 8—Section of a lymph node from an animal 
" with African swine fever, showing severe subendo- 
thelial accumulation in two capillaries of acido- 
philic, finely fibrillar, proteinaceous material in 
which a few erythrocytes are suspended. The 
lumen of one capillary is obliterated. H & E 
stain; x 285. 


Fig. 9—Section of a splenic follicle from an ani- 
mal with African swine fever. Adult lymphocytes 
are almost entirely depleted. The central artery is 
surrounded by a loose accumulation of nuclear 
debris. H & E stain; x 615. 


Fig. 10—Section of the spleen from an animal 
with African swine fever, showing an arteriole 
with hyaline thickening of the wall (arrows). ~s 
Periodic acid-Schiff-positive material extends into AFIP Acc. 675756, MIS 57-7879 (fig. 8 Lec. 675756 
the adjacent reticulum. H & E stain; x 1,325. MIS 57-7619 (fig.9); Acc. 675756, MIS 57-7619 (fig. 10 
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peripheral ‘‘hemorrhages’’ in normal ani- 
mals. Foci of necrosis, usually of micro- 
scopic size, frequently were observed in 
the lymph nodes of our animals with hog 
cholera, usually in or near the peripheral 
hemorrhagic zone. When this necrosis in- 
volves both stroma and lymphoid elements, 
it probably represents infarction. Small 
accumulations of nuclear debris were found 
in such focal areas, but karyorrhexis of 
lymphocytes was not seen in the surround- 
ing tissue. The fundamental changes in 
small vessels were much the same in ani- 
mals with hog cholera and those with Afri- 
can swine fever but, because of the longer 
course of hog cholera, hyaline changes in 
the walls and hyperplasia of endothelium 
were more common. However, it should be 
emphasized that such changes often were 
subtle. 
SPLEEN 

African Swine Fever.—The majority of 
the spleens from our animals with African 
swine fever were grossly normal. Severe 
splenic engorgement with enlargement, 
commonly observed in South African ani- 
mals by Steyn,*® De Kock,* and others, was 
seen in only about 6 per cent of our 83 
animals. When engorgement occurred, it 
frequently was limited to a portion of the 
organ. In swollen areas, the pulp was 
purplish black and bulged from the cut 
surfaces. Lymphoid follicles were few and 
small. Small, dark red, raised, triangular 
infarets occurred along the edge of the 
spleen in about 7 per cent of the swine in 
our series. Engorgement of tiny superfi- 
cial vessels in the capsule was striking in 
but we with Kernkamp ™ 


some, agree 
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that its significance is questionable because 
it frequently is found in pigs with no evi- 
dence of cholera. 

Microscopically, there almost always was 
severe depletion of lymphocytes and _ peri- 
follicular and, to a lesser extent, paratra- 
becular congestion (fig. 9). Lymphoid fol- 
licles were small, relatively inactive, and 
decreased in number. Frequently, there 
was hemorrhage into follicles in which 
lymphocytes were depleted. As in other 
lymphoid tissues, karyorrhexis and pyk- 
nosis of lymphoid cells were common, al- 
though not necessarily striking features. 
Accumulations of nuclear debris in a finely 
fibrillar, eosinophilic matrix were found 
both within and at the margins of germinal 
centers. In the interfollicular 
reticulum cells were mildly but diffusely 
hyperplastic. The walls of terminal arteri- 
oles and capillaries in the red pulp often 
were thickened by edema or hyaline Pas- 
positive material like those of vessels in 
lymph nodes and other organs. Most strik- 
ingly affected were arterioles in the red 
pulp, in which small amounts of muscle 
could be demonstrated with the Masson 
trichrome stain (fig. 10). The central fol- 
licular arteries may present severe 
reactive changes (fig. 11, 12). In the pres- 
ence of these changes, PAS-positive material 
may be found in the reticular mesh around 
the affected vessels. 

As observed by De 


tissue, 


also 


Kock,* a striking 
reactive change may be seen in the ellip- 
In our animals with African swine 
fever, the over-all size of the ellipsoids was 
relatively unchanged and the endothelium 
often intact, but the cellular sheath 
was replaced by an acellular, finely gran- 


soids. 


was 
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Fig. 11—Section of the spleen from an animal with hog cholera, showing accumulation of 
PAS-positive material in strands (arrow) and amorphous masses in the wall of a central artery. 
The plane of sectioning includes two sections of the same vessel. Similar changes may occur 


in African swine fever. 


PAS stain; x 1,150. 


Fig. 12—Section of the spleen from an animal with hog cholera, showing replacement of a 
central artery by PAS-positive hyaline material. PAS stain; x 400. 


Fig. 13—Section of the spleen from an animal with African swine fever, showing effacement 


of splenic ellipsoids: (A) central artery; the splenic follicle is devoid of lymphocytes. 


(B) 


Lumen of an ellipsoidal vessel. The cellular sheaths of the three ellipsoids have been replaced 
by an acellular, finely granular, proteinaceous material in which a few erythrocytes are sus- 


pended. 


(C) Segment of trabecula. H & E stain; x 235. 


Fig. 14—Section of the spleen from an animal with hog cholera, showing a hemorrhagic 
infarct. The margin of the spleen is distended with blood (dark color) that replaces most of 
the lymphatic tissue. H & E stain; x 18. 
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ular, eosinophilic, PAs-positive, proteina- 
ceous material in which a few erythrocytes 
were suspended (fig. 13). Occasionally, 
multiple areas of necrosis resembling in- 
farction involved a great part of the 
splenic tissue. Hemorrhagic infarcts, when 
they occurred, caused distortion of the sup- 
porting tissues and obliteration of the lym- 
phatic tissue by masses of erythrocytes; 
vessels at the margin often were occluded 
and severe degenerative changes had taken 
place in their walls. 

Hog Cholera—tIn our animals with hog 
cholera, depletion of [vmphocytes, peri- 
follicular and paratrabecular congestion, 
mild reticulum cell hyperplasia in the red 
pulp, reactive changes in small vessels, 
and hemorrhagic infarction also occurred. 
Missing, however, were splenic enlarge- 
ment, karyorrhexis of lymphocytes, and 
effacement of ellipsoids. The incidence of 
hemorrhagic infarction varies considerably 
with the strain of virus and duration of 
infection ; Pallaske '® reported an incidence 
of 8 per cent in the first year of a natural 
epizootic at Leipzig, while Abreu Lopes ! 
reported 71 per cent in pigs in a virus 
production plant. However, most authors 


record incidences of between 40 and 60 per 


cent. In our series of experimental animals, 

hemorrhagic infarcts were present in 45 

per cent of the spleens (fig. 14). 
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Fever—lIn our animals 
with African swine fever, a seromucoid 
exudate occasionally was present in the 
external nares, but the mucosae of the tur- 
binates or seldom were inflamed. 
The larynx, particularly the epiglottis, 
usually bore petechiae or ecchymoses. In 
some instances, it was severely congested 
and presented more severely diffuse hemor- 
rhages than in animals with hog cholera. 
Petechiae sometimes appeared in the an- 
terior third of the trachea. Frothy fluid 
usually was present in the trachea when 
there was pulmonary edema. 

A slight straw-colored fluid 
commonly was seen in the thoracic cavity. 
It was proportionately greater in the pres- 
ence of pulmonary edema. In about one 
fourth of our animals with African swine 
fever, edema was present, marked by 
broadened, yellow, gelatinous, interlobular 
septa, 2 or 3 mm. in width, and subpleural 
thickening, both most apparent on the 
pleural surfaces. Scattered petechiae and 
ecchymoses were found on the serous sur- 
faces and in the parenchyma of the lungs 
in nearly every animal. micro- 
scopically, these were seen to be foci of 
interstitial congestion with or without 
interstitial often, 
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Fig. 15—Section of a 
lung from an animal 
with African swine fever, 
showing interlobular (A) 
and perivascular (B) 
edema and one focus of 
congestion and hemor- 
rhage (C). H & E stain; 
z 27.3. 
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alveolar hemorrhages. The edematous 
spaces contained a loose network of fibrin, 
protein residue, a sparse scattering of stro- 
mal cells and numerous irregular spaces 
(fig. 15). Similar edematous spaces were 
found around the larger blood vessels. The 
width of the zones of perivascular edema 
often exceeded the diameter of the lumen 
of the vessels. Often, numerous capillaries 
in the alveolar septa had slightly thick- 
ened, PAS-positive walls, and were 
tended with finely granular, sometimes 
fibrillar, eosinophilic, PAS-positive material, 
similar to that described for the skin. These 
scattered, small occluding masses were not 
organized, and the adjacent tissue did not 
show evidence of vascular occlusion. The 
opportunities for collateral circulation in 
the capillary network of the alveoli are so 
numerous that the occlusion of a few small 
capillaries is apparently well tolerated and 
results at most in only small foci of en- 
gorgement and possible hemorrhage. 

In some cases, karyorrhexis of lympho- 
cytes, similar to that in other lymphoid 
tissue, occurred in parabronchial lymphoid 
nodules. Bronchopneumonia as a second- 
ary complication was rare, presumably be- 
vause of the quickly fatal course of the 
disease. Small areas of pre-existent atelec- 
tasis and consolidation in the region of the 
cardiac notch, similar to those encountered 
in swine in the United States, commonly 
were found in European breeds of domes- 
tic swine in Africa. 

Hog Cholera.—The lesions in the respir- 
atory tract in animals with African swine 
fever were similar to those in animals with 
hog cholera. Our observations on hog 
cholera support the findings of Hoskins "™ 
that petechiae and ecchymosis are most 
frequent in the larynx on the eighth to the 
eleventh days postinoculation, with a peak 
on the ninth day, so that they often are 
absent early in the disease. Microscopi- 
cally, many of the small red spots were 
dilated vessels, rather than hemorrhages. 
The pleural and cut surfaces of the lungs 
were sprinkled lightly with petechiae and 
a few than three 
fourths of the animals. The striking inter- 
lobular and subpleural edema which oce- 
curred in some of our animals with African 
swine fever have not been reported for hog 
Karyorrhexis in parabronchiolar 
did not our 


dis- 
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animals with hog cholera. Vascular oceclu- 
sions often were numerous. 

Agonal inspiration of blood in animals 
that are killed should not be misinterpreted 
as hemorrhage. Nonspecific atelectatic 
areas around the cardiac notch were found 
in a large percentage of infected and un- 
infected pigs in Africa and in the United 
States. These areas vary from a few scat- 
tered lobules to entire lobes. The ventral 
portions of the apical and diaphragmatic 
lobes and the anteroventral part of the dia- 
phragmatic lobes are affected most often 
Grossly, they are dark red or purple, 
slightly depressed, sharply defined, poly- 
hedral lobular areas. The cut surface is 
firm and compact. Narrow white zones may 
be present around the larger bronchioles. 
Occasionally, caseous plugs can be ex- 
pressed from small bronchi. Microscopi- 
cally, the tissue may be simply collapsed, 
resembling fetal lung. There may be para 
bronchiolar lymphoid hyperplasia and ate- 
lectasis or purulent bronchopneumonia. 
Perhaps these changes are more severe in 
a pig that has lowered resistance during 
acute febrile hog cholera. 

CIRCULATORY SYSTEM 

African Swine Fever.—Pericardial fluid 
often was excessive in amount. In a few 
instances, it was cloudy and contained 
strands of fibrin. The heart was normal in 
size and contracted in systole. Cardiac 
hemorrhages of some degree were observed 
in about 70 per cent of the animals. Sub- 
epicardial and subendocardial hemorrhages 
were most common, and sometimes were 
diffuse and extensive, involving half or 
more of the epicardial surface. Not infre- 
quently, massive, almost black hemorrhage 
was seen easily through the pericardium. 
The subepicardial hemorrhages were con- 
centrated around the major coronary ves- 
sels and were most extensive over the left 
ventricle. In a few instances, some edema 
was seen in the tissues involved by hemor- 
rhage. Subendocardial hemorrhages also 
were most severe in the left ventricle. The 
myocardium usually appeared normal, 
grossly, but interstitial hemorrhage, a few 
occluded vessels with reactive changes in 
their walls, and a few areas of myocardial 


degeneration, as evidenced by broken aci- 


dophilic muscle fibers, were seen on micro- 
scopic examination. Mild interstitial myo- 
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carditis sarcosporidiosis each 
present in 1 animal. 

Hog Cholera.—In our animals with hog 
cholera, the pericardial sac usually econ- 
tained 2 to 10 ml. of clear, light-yellow 
fluid. The fat in the coronary grooves was 
translucent, grayish white, and slightly 
gelatinous. In most instances, a few pe- 
techiae were present on the fat and epi- 
cardium near the coronary and 
descending branches of the coronary arter- 
ies, but large suffusion hemorrhages were 
rare. 2 or 3 em. 


were 


grooves 


Dark irregular blotches, 2 
in diameter, were found in the ventricular 
endocardium over the papillary muscles in 
about one third of the animals. These often 
are described grossly as suffusion hemor- 
rhages but, in our animals, actually were 
areas of congestion. The striking, massive, 
diffuse, subendocardial hemorrhages which 
occur in some animals with African swine 
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fever were not seen in those with hog 
cholera. Myocardial infarcts occurred, but 
were rare. 

Microscopically, small areas of myocar- 
dial degeneration were infrequent. Mild, 
diffuse interstitial myocarditis has been 
reported in the literature,* and occurred 
in about one half of our animals with hog 
cholera. However, similar changes were 
present.in many uninfected control pigs 
and probably do not represent a specific 
lesion. 


LIVER 


African Swine Fever.—In our animals 
with African swine fever, the liver usually 
appeared normal on examination. 
Mottling, with dark areas of congestion, 
was the most common abnormality and, in 
some animals, tissues adjacent to the gall- 
bladder were and edematous. 


congested 
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Fig. 16—Section of the liver from an animal with African swine fever, showing infiltration of 
the interlobular connective tissue by lymphoid cells, karyorrhexis of lymphocytes, and necrosis 
of individual hepatic cells (arrow). H & E stain; x 250. 


Fig. 17—Section of the gallbladder from an animal with African swine fever, showing autolytic 


condensation of nuclear chromatin giving the appearance of inclusion bodies (arrow). 
stain; x 15. 
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Microscopically, the interlobular connective 
tissue in all our animals was uniformly 
and strikingly infiltrated with lymph- 
oid and small numbers of plasma 
cells and histiocytes (fig. 16). A few eosin- 
ophils appeared and were more numerous 
in the presence of necrosis. Blood vessel 
wal's and bile ducts, although surrounded 
by infiltrate, appeared normal. Karyor- 
rhexis of the lymphocytes usually was con- 
spicuous and characteristic, and the sinus- 
oids often contained nuclear debris. The 
hepatic cells bordering areas of cellular 
infiltration were compressed and often ne- 
crotic. The cytoplasm was flattened and 
the nucleus small and Necrosis, 
however, was not confined to liver ¢ells at 
these sites, but occurred in individual cells 
scattered throughout the lobules. In 1 
animal, there also was centrolobular ne- 
crosis. The necrotic liver cells had eosino- 
philic cytoplasm, were rounded, and had 
pyknotie nuclei. Mild congestion usually 
was present. 

Hog Cholera.—Specifie lesions were not 
found in the liver in animals with hog 
cholera. Mild periportal infiltration of 
macrophages and eosinophils often was ob- 
served in both infected and noninfected 


pigs. 


cells 


dense. 


GALLBLADDER 


African Swine Fever.—Engorgement of 
superficial blood vessels in the wall of the 
gallbladder was the most striking change 
The wall often was edema- 
tous, as reported by De Kock? and, at 
times, the edema extended to the liver cap- 
sule, making it appear thickened and gelat- 
inous along the line of attachment of the 
gallbladder. Petechiae and ecchymoses oc- 
casionally were scattered over the serous 
or mucosal surfaces. The gallbladder usu- 
ally was distended with bile. Microscopi- 
cally, vascular engorgement, submucosal 
edema, karyorrhexis of lymphocytes in the 
submucosa, and small hemorrhages were 
observed. Infarction of the mucosa was 
found in 1 animal. Occluded capillaries 
with reactive changes in their walls were 
seen at the base of the infarct. 
ally, reactive changes occurred without oe- 
clusion and with few other changes. In 
some instances, autolytic alterations in the 
gallbladder wall caused condensation of 
chromatin in nuclei of both epithelial and 
mesenchymal cells to give the appearance 
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of intranuclear inclusions (fig. 17). These 
nonspecific ‘‘inclusions’’ were formed 
whenever autolysis of the cells had pro- 
gressed sufficiently, and they also were ob- 
served in other conditions, including hog 
cholera. Similar inclusions occurred in the 
bile and salivary ducts. Specific inclusion 
bodies were not found in any of the organs 
studied. 

Hog Cholera—tItn animals with hog 
cholera, the gallbladder usually was con- 
tracted and filled with dark viscous bile, 
in contrast to the distention of the gall- 
bladder common in animals with African 
swine fever. Occasionally, petechiae and 
ecchymoses were found in the mucosa of 
the gallbladder and bile duct and, in- 
frequently, infarction similar to that in 
the intestinal tract occurred. The mature 
lymphocytes in submucosal lymphoid nod- 
ules often were depleted. 


PANCREAS 

African Swine Fever——The pancreas 
usually appeared normal in our animals 
with African swine fever. In some in- 
stances, ecchymoses were observed, but not 
the severe hemorrhages and extensive ne- 
crosis reported by De Kock * for his larger 
series of animals in South Africa. 

Hog Cholera.—Significant lesions were 
not observed in the pancreas in animals 
with hog cholera. 

UROGENITAL SysSTEM 

Kidney—African Swine Fever—Hemor- 
rhages, most commonly petechiae, occurred 
in the kidneys in about two thirds of our 
animals with African swine fever. After 
removal of the renal capsule, careful ex- 
amination usually revealed a few scattered 
petechiae, but they were seldecm as numer- 
ous as in some animals with hog cholera. 
If there were any subcapsular petechiae, 
usually disclosed more nu- 
merous petechiae in the cortex and me- 
dulla. In about 5 per cent of our animals, 
severe diffuse hemorrhage was found in 
the walls of the ealyces, and the pelvis was 
filled with blood. When severe diffuse 
hemorrhage occurred in the hilus, diffuse 
hemorrhages were likely to be seen beneath 
the capsule. In some animals, similar 
hemorrhages in the perirenal fascia were 
striking. 

In general, the histological changes in 
the kidney supported the gross observa- 
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tions, but some lesions that resembled pe- 
techiae grossly were actually foci of inter- 
stitial engorgement. In many instances, 
there was hemorrhage as well as the focal 
congestion. Mild medullary congestion was 
inconstant. In our animals with 
hemorrhage in the pelvis, extensive diffuse 
hemorrhage was found in and beneath the 
walls of the calyces, often with perivas- 
cular pooling of erythrocytes (fig. 18). 
Capillaries in the interstitial cortical tis- 
sue often were occluded with PAS-positive 
acellular but reactive 
their walls usually were slight. Occasion- 
ally, capillaries in the glomerular tufts 
were similarly occluded. Reactive subendo- 
thelial accumulation of PAS-positive ma- 
terial was most pronounced in arterioles 
near the corticomedullary junction, where 
it occasionally caused infarction, and in 
arterioles near the pelvis, where 
pelvic hemorrhage sometimes resulted. 
Proteinaceous globules in the tubules 
and within Bowman’s space were observed 
constantly in our animals. Usually, these 
spherical masses were 2 or 3 times the di- 
ameter of erythrocytes and appeared to 
arise from protein which escaped through 


massive 


masses, changes in 


severe 


the glomeruli and from the cytoplasm of 


tubular epithelial cells. Infrequently, de- 
generation of the hyaline droplet type also 
occurred in the tubular epithelium. The 
collecting tubules often were occluded by 
albumin or blood casts (fig. 19). 

Cells in pre-existing lymphoid infiltrates 
in the interstitial tissues of the cortex or 
in the submucosa of the pelvis often had 
undergone karyorrhexis, as had those in 
the lymph nodes. 

Kidney—Hog Cholera.—Subeapsular pe- 
techiae were present in the kidney in about 
90 per cent of our animals with hog cholera 
and in those reported by Kernkamp.'* 
They were less frequent in the depth of 
the cortex, and uncommon in the medulla 
and pelvis. Diffuse perirenal, subcapsular, 
and subpelvic hemorrhages were rare. Mild 
tubular degeneration seldom occurred, and 
only an occasional amorphous cast was 
found in the medulla. Proteinaceous glob- 
ules rarely were seen in the tubules. Near 
areas of hemorrhage, the capillary endo- 
thelial often were swollen and the 
capillary walls slightly thickened. The 
walls of capillaries, which appeared indis- 
tinct and edematous with hematoxylin and 
eosin stain, frequently were found te con- 
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tain the characteristic PAS-positive material 
found in capillaries of like size in lym- 
phatic and other tissues. Large infarcts 
associated with thrombosis of large veins 
were present in 1 of our animals. 

Urinary Bladder—African Swine Fever. 

In most of our animals with African 
swine fever, the urinary bladder appeared 
normal. In about 30 per cent, petechiae 
were seen on the mucosal surface and, in 
about 20 per cent, the mucosal surface was 
moderately and diffusely reddened. 

Urinary Bladder—Hog Cholera.—Pe- 
techiae occurred in more than three fourths 
of our animals with hog cholera. Dunne * 
and Kernkamp ' have reported similar ob- 
servations. Microscopically, as in the skin, 
epiglottis, lung, stomach, intestines, kid- 
ney, and meninges, many red that 
grossly appeared to be hemorrhages were 
found to be only, or primarily, congestion. 

Adrenal Glands—African Swine Fever. 

The adrenal glands in animals with 
African swine fever usually appeared nor- 
mal, except for occasional hemorrhages in 
the cortex and medulla. 

Adrenal Glands—Hog Cholera.—Signi- 
ficant lesions were not found in the adrenal 
glands in our animals with hog cholera, 
but Matthias '* has reported cellular infil- 
tration of the medulla, with a high propor- 
tion of eosinophils, in 73 per cent of 53 
animals with experimental cases. 

Testes—African Swine Fever.—The tes- 
tes appeared grossly normal, but the epi- 
didymis in some of our animals with Afri- 
can swine fever was severely engorged and 
edematous. 


spots 


STOMACH 


African Swine Fever.—As reported by 
De Kock,* the stomach usually was filled 
with ingesta, attesting to the delayed ano- 
rexia in African fever. In about 
half of our aninials, there was evidence of 
acute, diffuse, often hemorrhagic, gastritis 
which was most severe in the fundus. The 
hemorrhages varied from petechial to dif- 
fuse, with bleeding into the lumen. Uleers, 
often covered with necrotic debris, ap- 
peared in the pyloric and fundie regions 
in about one fourth of our animals. Micro- 
scopically, congestion and hemorrhage in 
the lamina propria of the tips of villi were 
associated with gross reddening when the 
mucosa was intact, or free 
when erosion had occurred. 
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positive changes occasionally were present 
in the walls of capillaries in the lamina 
propria of the tips of the villi. Capillaries 
occluded by Ppas-positive material  fre- 
quently were seen in the base of the mu- 
cosa or submucosa. Occasionally, they were 
associated with areas of infarction (ulcers 
grossly). Karyorrhexis of lympho- 
cytes was evident in submucosal lymphoid 
nodules in a few animals 


seen 


SMALL INTESTINE 


African Swine Fever.—Inflammation of 
varying degree occurred in the small in- 
testine in about one third of our animals 
with African swine fever, but this change 
generally than in other 
parts of the digestive tract. The manifes- 
tations of enteritis varied from localized 
red areas, with petechiae on the crests of 
mucosal folds, to generalized severe inflam- 
mation and diffuse hemorrhage. Erosions 
were not observed. Petechiae and ecchy- 
moses occasionally were scattered in the 
subserosa. In a few cases, the Peyer patches 
were visible on the serosal surface as yel- 
lowish edematous areas sprinkled with 
petechiae. Microscopically, severe conges 
tion of the lamina propria near the tips of 
villi frequent, and eosinophil and 
plasma cell infiltration of the lamina pro- 
pria was Necrosis of 
lymphocytes at the base of the mucosa and 
in the submucosa was characterized by 
karyorrhexis. The mesenteric blood vessels 
of the small intestine consistently were en- 
gorged and conspicuous. 

The region of the ileocecal valve nor- 
mally contains mucus-filled crypts and nu- 
merous lymphoid nodules. Congestion and 
even ulceration of the mucosa of the ileo- 
cecal valve are so frequent in pigs with a 
variety of diseases that their presence in 
African swine fever is of questionable dif- 
ferential significance; however, infarction 
and the destruction of lymphocytes by 
karyorrhexis, when they occur, are typical. 
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CECUM 
Swine Fever.—Significant 
in the cecum in about 


African 
changes were seen 
50 per cent of our animals with African 


swine fever. The lesions varied from mild 
reddening to hemorrhages with 
ulceration of Petechiae, to- 
gether with longitudinal 
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streaks of diffuse hemorrhage, were most 
common. Lesions simulating the ‘* button 
ulcers’’ of hog cholera were unusual and 
occurred in the cecum or colon only in 
cases of long standing. When ulcers de- 
veloped, they usually were small, deep, 
and covered with necrotic debris. Micro 
scopically, the ulcers appeared to be the 
result of infarction. 

The vausal relationship between vascular 
degeneration and uleer formation in hog 
cholera, suggested by Seifried and Cain ** 
and later described and illustrated by 
Dunne,® seemed to be applicable in a few 
of our animals with African swine fever 
There was coagulation necrosis of the 
entire mucosal layer, which was sharply 
demarcated from the adjacent normal-ap- 
pearing tissue by a narrow zone of conges- 
tion, vascular occlusion and degenerating 
Cellular infiltrate was minimum or 
absent, and bacterial colonies occurred pre- 
dominantly in the surface layers of ne- 
erotic debris. Subserosal hemorrhages were 
present in a few animals. 


cells. 


COLON 


African Swine Fever.—Inflammation of 
the colon occurred in about 50 per cent of 
our animals with African swine fever. It 
varied in severity, being seen as reddened, 
multiple petechiae or confluent ecchymoses. 
The small ulcers that formed infrequently 
in the colon were like those in the cecum 
In many cases, severe engorgement grossly 
resembling hemorrhage occurred deep 
within the wall and was equally evident 
from either the mucosal or the serosal sur- 
face. Edema in the submucosa was common 
and occasionally extended into the mesen- 
tery, where it produced gross gelatinous 
thickening and increased transparency 

Gross congestion, hemorrhage, and edema 
were confirmed by microscopic examina 
tion. Extreme engorgement of the large, 
thin-walled vessels in the submucosa was 
most striking (fig. 20). Congestion in the 
lamina propria and edema of the submu 
cosa and subserosa also were common. Fo- 
cal hemorrhage and vascular occlusion 
occurred in the lamina propria. Many 
mitotic figures and great variation in the 
size of epithelial cells suggested an in- 
creased rate of loss and replacement. Peri- 
odie acid-Schiff-positive changes frequently 
were present in capillaries in submucosal 
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lymphoid nodules throughout the gastro- 
intestinal tract. Mild to severe karyor- 
rhexis of lymphocytes was seen in lymph- 
oid nodules. 


GASTROINTESTINAL TRACT 


Hog Cholera.—In our animals with hog 
cholera, the stomachs contained watery in- 
gesta. Food particles adhered to the mucosa 
at the junction of esophageal and cardiac 
portions, where nonspecific retrogressive 
changes frequently were found. Mild red- 
dening of the fundic mucosa is a normal 
feature in pigs and should not be mistaken 
for gastritis. In only about 10 per cent of 
the animals were there petechiae in the mu- 
Serosal hemorrhages were observed 
occasionally, especially on the diverticulum 
ventriculi. Infarcts, as reported hy Dunne,*® 
were observed in the stomachs of our ani- 
mals, but much less frequently than in the 
ceca and colons. 

The small intestines in our animals with 
hog cholera usually were free of specific 
lesions, except for mild congestion and an 
oceasional small hemorrhage in the lamina 
propria of the tips of the villi in the ileum 
and depletion of lymphocytes in lymphoid 
nodules at the base of the mucosa and in 
the submucosa. The mesentery usually 
was greatly congested, but there was little 
enteric edema. Hemorrhages in the mesen- 
teric nodes of the small intestine were less 
severe than in those of the cecum and colon. 

In the cecum, colon, and rectum, linear 
submucosal hemorrhages were frequent in 
the crests of the longitudinal folds. Vas- 
cular occlusion and infarction were com- 
mon in the cecum and colon and, after 
several days of illness, infaretion (from 
microscopic areas to grossly apparent 
‘‘button uleers’’) was found in 
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every animal (fig. 21). Gastrointestinal 
infarcts were most frequently superficial 
to well-developed submucosal lymphoid 
nodules. 


CENTRAL NERVOUS SYSTEM 
African Fever. 
the meninges in our animals with African 
swine fever was frequent but usually mild, 
and small perivascular hemorrhages oc 
casionally were present. The brain itself 
appeared grossly normal. 
Microscopically, in addition to 
tion and perivascular hemorrhages, there 
often was a mild lymphoid infiltrate in the 
leptomeninges. These lymphoid fre- 
quently underwent karyorrhexis, as did 
those in the lymphatic tissues. Hemor- 
rhages and cellular infiltration oceasionally 
extended into the brain along 
branches of the meningeal Tiny 
hemorrhages, although few in number, 
were scattered widely throughout the 
brain, especially the brain stem. In con- 
trast with the observation of De Kock * 
that perivascular round e¢ell infiltrations 
were conspicuous by their absence, we 
found perivascular and intramural infil- 
trations in most cases (fig. 2%), although 
only a few vessels might be affected. These 
infiltrations were seen in all parts of the 
brain in both gray and white matter. Often 
the vessel wall was distended with nuclear 
debris and lymphoid cells, while the Vir- 
chow-Robin space appeared empty. Peri- 
odie acid-Schiff-positive material accumu- 
lated just beneath the endothelium of many 
capillaries of the brain, as it did in other 
organs, and the infiltrating round cells 
were found between this material and the 
adventitia. Focal perivascular malacia was 
seen infrequently. Unaffected 
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Fig. 18—Section of a kidney from an animal with African swine fever. 


The pelvis is iilled 


with blood. H & E stain; x 15. 


Fig. 19—Section of a kidney from an animal with African swine fever, showing numerous 
amorphous proteinaceous casts in collecting tubules and slight interstitial hemorrhage. H & E 
stain; x 80. 


Fig. 20—Section of the colon from an animal with African swine fever, showing extreme con- 
gestion and edema in the submucosa. H & E stain; x 26.5. 


Fig. 21—Section of the colon from an animal with hog cholera, showing the edge (arrow) of 


an infarct (button ulcer). 


Necrosis of the entire mucosal layer is sharply demarcated from 


the adjacent normal-appearing tissue. A remnant of epithelium is still present on the surface 
of the necrotic tissue. There is little cellular inflammatory reaction. H & E stain; x 16. 
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casionally had nuclear debris in their lu- 
mina. Perivascular infiltration of lymphoid 
cells was found regularly in the choroid 
plexus, along with destruction of these 


Thickening of the walls and oeclu- 
Gener- 


cells. 
sion of capillaries often occurred. 
alized early acute neuronal degeneration 
was observed in all brains studied, even 
when other changes were few. In 
instances, the neuronal degeneration was 
associated with satellitosis and focal glial 
proliferation. Spinal cord and sympathetic 
ganglia were not available for microscopic 
examination. and Auerbach’s 
plexuses appeared normal. 

Hog Cholera.—The changes in the cen- 
tral nervous system in hog cholera have 
been deseribed by Seifried,** Helmboldt,® 
Dunne,’ Roéhrer,?! and others. Most brain 
lesions in animals with hog cholera (fig. 23) 
closely resembled those in animals with 
African swine fever. A major exception 
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TABLE i—The Relative Case Incidence of the 
Most Significant Lesions in African Swine Fever 
and Hog Cholera* 


African Hog 


Lesions swine fever cholera 


Karyorrhexis of lymphocytes in 
lymphoid tissue and infiltrates 
Capillary and arteriole, 
intimal damage 
Capillary and arteriole, occlusion 
Lymph node, peripheral hemorrhage 
Lymph node, severe diffuse 
hemorrhage 
Leukopenia 
Liver, lymphoid interlobular infil 
trate with karyorrhexis 
Central nervous system 
Focal and perivascular hemorrhage 
Acute neuronal degeneration 
Perivascular and intramural 
infiltration 
Karyorrhexis, of lymphocytic 
infiltrate 
Meningeal congestion, lymphoid 
infiltrate 
Skin, cyanosis 
Heart, severe hemorrhage 
Lung, petechiae and ecchymoses 
Lung, interlobular edema 
Kidney, cortical petechiae 
Kidney, diffuse subcapsular or 
pelvic hemorrhage, or both 
Urinary bladder, petechiae and 
congestion 
Cecum and colon, inflammation 
hemorrhage 
Cecum and colon, button ulcers 
(infarcts) 
Colon, severe submucosal congestion 
Excessive pleural, peritoneal, and 
pericardial fluids 
Gallbladder, congestion and edema 
Splenic infarcts 


Each incidence of about 25 


per cent 


represents a case 
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the residue of nuclear fragments 
(karyorrhexis) arising from destroyed 
lymphoid cells in animals with African 
swine fever, which was absent in those 
with hog cholera. Meningeal congestion 
and perivascular hemorrhage seldom were 
as severe in animals with hog cholera as in 
oceasional animals with African swine 
fever, but lymphoid infiltration of the ves- 
sels in the brain was usually much more 
extensive, perhaps because of the longer 
Remnants of the subependymal 
cell plate should not be mistaken for focal 
gliosis, and the relatively numerous glial 
cells, normally found in the neuronal lJay- 
ers in the pyriform lobe and hippocampal 
gyrus, should not be interpreted as a lesion. 
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course. 


DIAGNOSIS 


The clinical features and gross lesions 
of African swine fever much like 
those of hog cholera that careful clinical 
observation, examination, and necropsy of 
several animals from a suspected herd are 
needed to distinguish one from the other. 
Gross lesions in individual cases of either 
disease may be meager and inconspicuous 
or absent. 


are so 


African swine fever should be suspected 
when, in a febrile disease of swine, other 
clinical signs frequently fail to develop 
until within 48 hours of death, and when 
the cholera, is highly 
contagious, practically 100 per cent fatal, 
and productive of gross lesions similar to 
but more severe than those of hog cholera. 
Suspicion demands confirmation if animals 
believed immune to hog cholera die under 
these circumstances. The most significant 
differential lesions are listed (table 1). 

The histological changes in animals with 
African swine fever are more consistently 
significant for differential diagnosis than 
the lesions. Typical microscopic le- 
sions in the lymph nodes, spleen, liver, 
brain, and large intestine are diagnosti¢ in 
an otherwise compatible case. Histological 
changes which facilitate the diagnosis ap- 
pear with less consistency in the kidney, 
gallbladder, lung, heart, and skin. As sug- 
gested by De Kock,* impression smears of 
lymph nodes may be helpful in revealing 
severe karyorrhexis of lymphocytes. In 
the absence of a serological test and lack 
of potent immune serums against the pos- 
sible strains of African swine fever virus, 
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a confirmatory diagnosis depends in part 
on the elimination of other 
distinction from cholera can be confirmed 
by challenging pigs known to be cholera- 
immune with the suspected virus or, 
desirably, by demonstrating the inability 
of anti-hog cholera immune serums of 
known high titer to protect test 
against the suspected virus. The only ani- 
mal suitable for diagnostic inoculation is 
the domestic pig. When the diagnosis is 
to be made in a region where the disease 
has not occurred previously, the combined 
use of all methods in arriving at a definite 


diagnosis is recommended. 


diseases. <A 


less 


pigs 


It is obvious that research is urgently 
needed to obtain information on the anti- 
genic characteristics of each strain of Afri- 
can swine fever virus, to provide anti- 
serums for strain typing, and to develop 


a serological test to confirm the diagnosis. 
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DISCUSSION 


Histological study reveals that the pri 
mary lesions of African swine fever de- 
velop in lymphoid tissues and in the walls 
of arterioles and capillaries. These changes 
appear to be due to direct action of the 
virus on these tissues, and all significant 
gross changes may be attributed to them 

The effect of the virus on lymphocytes is 
severe and their destruction with karyor- 
rhexis is striking and characteristic 
Karyorrhexis is readily apparent in lym 
phocytie infiltrates in the liver, brain, or 
wherever observed, as well as in the lymph 
oid tissue that is normally present. 

The vascular damage, its relationship to 
lymphoid tissue, the karyorrhexis of lym- 
phocytes, the early leukopenia, and the 
high titers of virus in lymphoid tissues all 
lend support to the belief that the 
cular are most where 
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Fig. 22—Section of the cerebrum from an animal with African swine fever, showing intramural 
vascular lymphoid infiltrate with karyorrhexis of the infiltrating cells. The arrows indicate the 


vessel wall. 


H & E stain; x 305. 


Fig. 23—Section of thalamus from an animal with hog cholera, showing intramural vascular 
lymphoid infiltrate without karyorrhexis. The Virchow-Robin spaces are almost free of infil- 


trating cells. 


H & E stain; x 115. 
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virus is concentrated and are the direct 
result of virus activity. Subendothelial 
involvement of small arterioles and capil- 
laries may lead to thickening, roughening, 
and altered permeability of the walls, with 
consequent edema, hemorrhage, sludging 
and stasis of blood, occlusion, infarction, 
and necrosis. The vascular damage and oc- 
clusion with consequent hemorrhage, in- 
farction and impaired circulation in the 
spleen, lymph nodes, lungs, heart, and kid- 
neys contribute to the generalized engorge- 
ment of abdominal viscera, the localized 
areas of edema, and the excess of peri- 
cardial, pleural, and peritoneal fluids. 

In view of the numerous demonstrable 
occluded vessels underlying areas of in 
farction in the digestive tract, the mere 
superficial presence of bacteria, and the 
relatively slight neutrophilic response, the 
role of secondary bacterial infection in the 
lesions in the acute believed 
minor. 

The subendothelial accumulations of PAs- 
positive material and the 
vessels by PAS-positive acellular masses in 
animals with African swine fever and 
those with hog cholera are similar, mor- 
phologically, to the changes described in 
thrombotic thrombocytopenic pur- 
Thrombotic thrombocytopenic 
purpura is an acute, febrile disease of man, 
characterized clinically by thrombocyto- 
penie purpura, hemolytic anemia, and 
various neurological manifestations. The 
cause is unknown, but is thought to be a 
hypersensitivity phenomenon. 

In the disease of man and the two dis- 
eases of swine, the lesions are found pre- 
dominantly in arterioles and capillaries 
although, in African swine fever and hog 
cholera, there is a greater range in the size 
of vessels which may be affected. The intra- 
mural material is similar in appearance 
and staining reactions to the intraluminal 
material. However, in thrombotic throm- 
bocytopenie purpura the intramural ac- 
cumulations often are confined to a small 
portion of the wall, while in African swine 
fever and hog cholera they often involve 
most of the circumference of the 
Lesions of thrombotic thrombocytopenic 
purpura are found throughout the body, 
most frequently in the myocardium, cap- 
sular zone of adrenals, renal cortex, pan- 
creas, and brain, but relatively seldom in 
the lung. In animals with African swine 


disease is 


occlusions of 


vessel. 


—JONES 


fever and hog cholera, vascular lesions are 
most common in the spleen and lymph 
nodes, and in the skin, lungs, and kidneys, 
where they are associated with congestion, 
hemorrhage, or infarction. They could not 
be demonstrated in the pancreas or ad- 
renals and they are relatively infrequent 
in the heart. The morphological similarity 
of the vascular lesions in these three dis- 
eases suggests the desirability of further 
investigation of the basic mechanism. Some 
of the vascular lesions in animals with 
African swine fever and those with hog 
cholera also are suggestive of those in an- 
other disease of man, disseminated lupus 
erythematosus. 

The vascular lesions in swine with hog 
cholera appear to be of the same character 
as those in animals with African swine 
fever, but the resultant circulatory dis- 
turbances are less severe. Although an ex- 
tensive depletion of lymphocytes also oc- 
curs in hog cholera, the mechanism appears 
to be different. In contrast to the typical 
karyorrhexis of lymphocytes with the 
abundant residue of nuclear fragments 
seen in animals with African swine fever, 
in those with hog cholera there is merely 
a depletion of lymphocytes which may be 
the result of failure to produce new cells 
rather than of destruction of mature ones. 


SUMMARY 


The lesions of African swine fever have 
been described and compared with those 
of hog cholera. The primary lesions in both 
diseases are found in lymphatic tissues and 
in the walls of arterioles and capillaries. 
The vascular lesions cause edema, hemor- 
rhage, and infarction, the principal gross 
The significant difference 
between the lesions of the two diseases is 
the karyorrhexis of lymphocytes 
that occurs only in African swine fever. 


lesions. most 


severe 
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Effects of Ultraviolet Radiation on Hog Cholera 
KENNETH E. COLLINS, M.S. 


Ames, Iowa 


MANY VIRUS preparations have been inves- 
tigated with regard to relative effects of 
ultraviolet radiation on viability and im- 
munogenicity. These investigations indi- 
cate that some virus preparations inacti- 
vated by ultraviolet radiation 
little if any immunogenicity.* 1° Some 
ultraviolet-inactivated preparations gave 
evidence of appreciable immunogenicity 
but, due to low or erratic titers, were not 
considered to have practical vaccine poten- 
tial.* 18 Some other ultraviolet-in- 
activated preparations are satisfactory 
vaccines.®: 11, 14, 19, 21, 22 

Ultraviolet 
(HCV) 


irradiations of hog cholera virus 
preparations have been reported by 
ton, fell,’ and Soekawa ef al.” 
that 6 of 8 pigs 
ultraviolet-treated HCV preparation 
lenge with virulent Hcv blood. It 
whether the other 2 of 8 


ultraviolet-treated preparation or 


Boyn 
Boynton found 
with an 
chal 
is not reported 


previously inoculated 


survived 


pigs succumbed to the 
to the challenge 
virus. No mention was made of experimental pro 
apparatus, 

irradiated 


cedure or 
sell’ 
sion obtained from spleen tissue of a hog cholera 


samples of a clarified suspen 


infeeted pig. Two radiation source lamps were 


one giving radiation largely in the 3,650-A 


used 


region and the other predominantly 2,537 A. 


[rradiations were performed with the light sources 
at a distance of 15 em. from a 1- to 
The 
agitated during exposure in an attempt to 
The 


virus was not 


2-mm. deep 


layer of virus preparation. virus layer was 


insure 
adequate irradiation. results indicated that 


the virulence of the significantly 


reduced under the conditions of the experiments. 
The experiment which used the greatest ultraviolet 
with the 


In this experiment, 14 of 17 


involved a 60-minute irradiation 


dose 


2,537-A lamp. inocu 


lated pigs developed hog cholera, 


Soekawa et al.” used a continuous flow plasma 


sterilizer of the rotating cylinder type with four 


G36T6 sterilamps. The experimental arrangement 


permitted approximately 17 seconds’ irradiation 


per exposure, {erobacter aerogenes in defibri 


From the Medical Re lowa 


State College 


Veterinary 
Ames. 
Supported in part by a Associated 


grant from the 


Veterinary Laboratories, Inc 

In these experiments, hog cholera virus was present 
in blood serum. The results reported in the paper per 
tain to this complex system and, consequently, may not 


represent the effects of ultraviolet radiation on the virus 


per sé 


‘ealibrate’’ the 
that 
inactivated by 


nated horse blood was used to 


irradiation procedure. The results indicated 
defibrinated Hcy 


four exposures to 


blood was not 


ultraviolet radiation whieh de 
stroyed 99.9 per cent of the test bacteria. 

These papers do not give quantitative in 
formation as to the dosage of ultraviolet radiation 
irradiations. Boynton ap 


ultraviolet 


used in the 
applied sufficient 
inactivate the virus, but the 


respect ive 
parently dosage to 


absence of any discus 
sion of experimental procedure in his 


vents an 


report pre 
estimate of dosage. 
ealeulations of the 


Soekawa ect al. and 


Approximate ultraviolet 


dosages used by Bell can be 


made from information on the experimental ap 
These 
used an 
milliliter of de 
Bell used a dose of some 10" 
Although the 
expected to 
than the defi 


used by Soekawa et al., it is not 


paratus and techniques used. calculations f 
that 


dose of the order of 10 


indicate Soekawa ef al ultraviolet 
ergs pel 
fibrinated blood, while 
ergs per milliliter of spleen extract. 
Be 
had a lower ultraviolet absorptivity 
brinated blood 
likely that this 
have amounted to a factor 
the quantity of 


available for 


extract used by would be have 


difference in absorptivity would 


rreater than 10°; con 


sequently, iltraviolet radiation 


interaction with HCV was probably 


as great or greater in the experiments of Soekawa 


et al. as in those of Bell Phe stirring of th 


factor 


Virus 


suspension, which is an important with 


highly absorptive liqu 


ds, probably was accom 
plished more effectively in tl Soek 
than in that of Bel 
neither Bell 


demonstrated inactivation in their experi- 


procedul ot 
awa et al, 
Since Soekawa eft al. nor 
ments, the work reported in this paper was 
begun with the purpose of extending the 
dosage to the range of inactivation 


MATERIALS AND METHODS 
Ultraviolet J 


violet 


pa The 
irradiation chambe ng ] consisted of a 


fused quartz tube, 1 mm. thickness, 17 mm. 


which 


etion 


In inside dinmeter, length, 


was rotated by means o lic lug eon 


to a low-geared electric moto 35-inch germi 


cidal lamp (Champion G30T8) was 


used as a 


source of 2.537 A radiation. T\ sheet aluminum 


reflectors of nearly parabolie were placed 


so that the germicidal lamp was at the foeus of 


one reflector and the quartz sample tube was 


Information 
Buttolph.* 
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the focus of the other. The distance between the 


axis of the lamp and the axis of the sample tube 
was 4.5 em. 

Pigs.—The pigs used in these experiments were 
from a 
about 6 


purchased in lots of 35 or 
supplier, and 
when 


more local 


were usually weeks old 


The 


each group of pigs was established in the course 


delivered. cholera susceptibility of 
of the experiments. 
injection in the axillary 
Hog Cholera Hog cholera 
virus preparations II and III (hereafter referred 
to as HcV II and nev III) were obtained from the 
blood of commercial 
of HCV. blood 
taken from each pig three to four days after the 
temperatures first reached 105 F. 


The pigs were inoculated by 
region. 


Virus Preparations. 


with a strain 


Approximately 500 ml. of 


pigs infected 
was 


The blood was 


defibrinated, centrifuged, and the resulting serum 
filtered 
filter candles. 


successively through Selas 10 and 015 

Hog cholera virus II had a titer of 
mately 10° i.d.* per milliliter at the time of the 
first irradiations, while Hcv IIT had a titer of ap 
proximately 10° i.d. per milliliter at the time of 
the first Titers, in case, were 
based on the criterion that at least 1 of 2 pigs 
inoculated with the end point dilution developed 
cholera, while neither of pigs with 
the next (tenfold) higher dilution developed clini 
cal evidence of cholera. Each preparation irradi 
ated had a pH of 7.7 to 8.0 both before and after 
irradiation. 

Challenge 
tion 


approxi 


irradiations. each 


inoculated 


Virus. 

these 
saline suspension of defibrinated whole blood from 
with 1 ml. of a 


The challenge virus prepara 
used in experiments was a 1:1,000 
a pig which had been inoculated 
commercial HCV preparation. This challenge virus 
preparation had a titer of approximately 5 X 10° 
At four times during the course 
8-month period 

pigs were with 1 ml. of a 1: 
dilution of the challenge preparation. In 
all four instances, the test pigs developed cholera. 


i.d. per milliliter. 


of the experiments (an single 


inoculated 2.000 


virus 


Pigs were challenged by inoculation with 1 ml. 


of the challenge virus preparation. 


EXPERIMENTAL PROCEDURES 


Irradiation.—Forty milliliters of the fluid to be 
irradiated were placed in the quartz sample irradi 
with 100 Gm. of 


diameter. 


ation tube along Pyrex glass 


beads, mm. in The beads were dry 
heat sterilized, while the tube and plug were steri 
irradi 
quartz 
tube was cooled in running tap water (10C.) at 
5 With 


sample temperature was not 


lized by a two- to three-minute ultraviolet 


ation. For the longer irradiations, the 


to 20-minute intervals. this procedure, 


found to exceed 


The expression (infective dose) refers to the 


minimum shown to be in 
fective 


number of experimental pigs available in a given period 


quantity a& preparation 


Limited facilities placed limitations on _ the 


of hog cholera experimentation. This prevented determi 


nation of a statistically significant quantity such as i.d.... 


ON Hoe CHOLERA VIRUS 


Fig. 1—Ultraviolet irradiation apparatus used in 
the experiments. 


Diagnostic Criteria for Hog Cholera.—Although 


a daily check was made for signs of hog cholera, 
diagnoses of hog 


the principal criteria for the 


cholera in these experiments were temperature 


elevation and the development of petechiae on the 
kidney or bladder, or both. The spleen and several 
lymph nodes were examined routinely for hemor 
There were clinical signs of hog cholera 
When 


inoculated 


rhages. 


in 2 lesions were not observed. 


pigs, but 
filtered 


these 2 


both 


from 
pigs, 


were observed. 


serum pigs was 


into susceptible signs and lesions of 


chole ra 
Storage. were refrigera 
tor (3 


Storage 


Samples placed in a 


within ten minutes after 


time at 3C. was less than five 


preparation, 
weeks in 
nearly all cases. Use of the challenge virus prepa 
ration was preceded by no more than eight months’ 
storage. Samples were taken from storage for 1 
longer than 20 inoculations 

Ultraviolet Ultraviolet 
under the conditions of these experiments was «ke 


minutes for 
Actinometry. dosage 
termined by means of the photochemical oxidation 
a uranyl oxalate solution. Using 
similar to that of Brackett and 
found that 40 ml. of 
distributed 
tubs 
ultraviolet 


of oxalate ion in 
a procedure 
Forbes,* it was highly ab 


sorbing liquid over the inner surface 
of the 
12 X 10 


per minute. 


irradiation absorbed approximately 


ergs of energy per milliliter 


IRRADIATION EXPERIMENTS AND RESULTS 


Samples of Hcv II were irradiated (table 
1) for 7.5 to 120.0 minutes (ultraviolet 
doses of 9 x 10% to 1.4 « 10° ergs/ml. 
Samples irradiated for 15 minutes were 
found to be noninfective, while samples 
irradiated for successively longer periods 
of time were progressively more infectious. 
The titer of the 120-minute irradiated sam- 
ple was approximately 10? i.d. per milli- 
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TABLE i—wltraviolet Irradiation of Hog Cholera Virus II 


Inoculation 
preparation 
(dilution of 
irradiated 
sample) 


Duration 
of irradi 
ation 
(minutes) 


inocu 
lated 
(ml. ) 


Experi 
ment 


undiluted 
1:1,000 


undiluted 
undiluted 7 
undiluted 
undiluted 
undiluted 
undiluted 
undiluted 
undiluted 
undiluted, 
filtered § l 
1:10 I 
1:100 1 
1:1,000 l 


1 
3 undiluted 


15-minute irradiation; * inoculated 
after 
for about 2.5 hours; § 
due to 


Second 
irradiation 
filtered through 
tiny 


oculated eight months 
at 25 C, 


infection 


(exper 


virus carried in particles of 


protect the carried virus from the ultraviolet radiation 


liter, indicating a substantial degree of 
infectivity reactivation.* 

Of 11 pigs treated with 15-minute ir- 
radiated ucv II, 10 survived the challenge 
inoculation, as did 19 of the 20 pigs sur- 
viving treatment with samples of 15-, 30-, 
and 60-minute irradiated uev II. 

Samples of uev III were irradiated 
(table 2) for periods of 7.5 minutes to 240 
minutes (ultraviolet doses of up to 2.8 > 
10° ergs/ml.). In this inactivation 
occurred after 30 minutes’ irradiation, but 
there was no evidence of infectivity reacti- 
vation with greater ultraviolet dosages. 

Of the animals surviving the treatment 
with ultraviolet-irradiated ucev III, only 


case, 


the re 
containing 

the data 
reactivation 


* Infectivity reactivation here refers to 
appearance of infectivity of a 
the not 


that the virus itself has been changed 


preparation 
conclude from 
in the 


virus. It is possible to 


process 


Volume 


four 
3 sample) ; 
glass fiber filter 
irradiation-coagulated 


Inoculation results 


Challenge of 
No. of survivors 
pigs 


Resist 


ant 


inocu 
lated 


Suscep 


tible 


weeks after irradiation sample); ** in 


exper 
maintained 
to prevent 


ta portion of experiment sample 


paper after irradiation possible 


protein, as such particles could 


the 2 inoculated with 10-ml. portions of the 
30-minute irradiated sample survived the 
challenge inoculation (exper. 19). 
Samples of a 1:10 aqueous dilution of 
Hcv III were irradiated (table 3) for 
periods of 0.75 minutes to 240 minutes. In- 


activation of infectivity occurred after six 


minutes of irradiation, or approximately 
one fifth the time required for undiluted 
Hcv III. The phenomenon of reactivation 
occurred with higher ultraviolet dosages 
in this ease. Since 1 ml. of a 1:25 dilution 
of the 240-minute irradiated sample was 
infective, it appears that at least one 
fortieth of the initial infectivity titer of 
10* remained after an ultraviolet dose 40 
times that capable of producing the initial 
inactivation. 

None of the animals surviving the treat- 
ment with ultraviolet-irradiated 1:10 Huey 
[Il survived the challenge inoculation. 


TABLE 2—Ultraviolet Irradiation of Hog Cholera Virus III 


Inoculation 

Duration preparation 

(dilution of 
irradiated 
sample ) 


of irradi 
ation 
(minutes) 


inocu 
lated 
(ml.) 


Experi 
ment 


16 undiluted 
17 f undiluted 
18 undiluted 
19 : undiluted 
undiluted 
undiluted 
undiluted 
undiluted 
undiluted 


Volume 


Inoculation results 


Challenge of 
No. of survivors 

pigs 
inocu Resist 


lated 


Suscep 


tible ant 


— 
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tiv ive 
i i ) 
1 2 2 
l 3 0 1 2 
2 0 ) 0 2 
5 15 2 0 2 0 2 4 
6 15 2 0 2 ) 2 
vi 15 2 0 2 ) 2 
~ 30 6 1 > 0 5 
9 30 U 1 0 l ) l 
10 60 6 
11 120 2 2 ) 
12 120 
13 120 4 4 0 
14 120 2 l l 
15 120 l 0 l 1 0 
| | | tive tive 
2 ) 
l 2 2 0 
l 0 0 
10 2 0 2 0 2 
l 2 0 2 2 0 
l 4 0 1 1 0 
10 2 0 2 2 0 
1 2 0 2 2 0 
10 l 0 1 l 0 
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TABLE 3—Ultraviolet Irradiation of Dilute (1:10) Hog Cholera Virus III 


Inoculation 

preparation 
(HCV IIl 
dilution ) 


Duration 
of irradi 
ation 
(min.) 


inocu- 
lated 
(ml.) 


0.75 


1.5 


1:10 
1:10 
1:100 
1:10 
1:10 7 
1:10 
1 
1 
1 
1 
1 
1 


to & te 


10 7 
50 
250 
10 
250 
10 
250 
10 
96 1:10** 
120 filtered 1 
240 filtered 1 


250 


250 


* The irradiated 1:10 preparation; ¢ inoculated 


from experiment 41 sample after six minutes 


DISCUSSION 


Reactivation phenomena of several types 
have been observed with a number of 
microorganisms. In some instances, an in- 
crease in the titer of certain ultraviolet- 
irradiated preparations with to 
property (such as infectivity) ac- 
companies subsequent heat treatment,!? 
visible light treatment,® or treatment with 
chemicals.‘ In other instances, ultraviolet- 
inactivated virus, when added to a prepa- 
ration of antibody-neutralized virus have 
resulted in an infective preparation.’ Re- 
activation attributable to ‘‘interference’’ 
has also been observed.'® 

The data obtained in this investigation 
indicate that moderate dosages of ultra- 
violet radiation inactivate the infectivity 
of HCV serum preparations, but that fur- 
ther ultraviolet treatment reactivates the 
infectivity of certain of these preparations. 
If the reactivation is a direct consequence 
of the ultraviolet radiation and is not due 
to some accompanying factor (e.g., heat, 
light, or handling), this may represent the 
first reported instance of an inactivated 
virus preparation being reactivated by the 
agent which produced the inactivation. 

The probability that the reactivation 
was due to some factor accompanying or 
following the ultraviolet irradiation does 
not appear to be great. Thermal effects 
which accompanied the irradiations were 
probably not important, since inactivated 


respect 


some 


Volume 


4 weeks 
irradiation 


Inoculation results 


Challenge of 
No. of survivors 
pigs 
inocu 


lated 


Resist 
ant 


Suscep 
tible 


to bo 


after irradiation a portion (4 ml taken 


Hcv II was not reactivated by a tempera- 
ture of 25 C. for 2.5 hours or 3 C. for eight 
months,’ while reactivation occurred dur- 
ing irradiation in less than an hour after 
inactivation, with the temperature 
than 17C. Visible light is probably 
the agency, because all samples were ex- 
posed to visible light (other than the visible 
component of the ultraviolet no 
more than several minutes, and this was at 
the low intensity of normal room light- 
ing.** Chemical effects (effects of added 
chemicals) are improbable, since no chemi- 
cals, as such, were added following irradia- 
tion (except in the several cases in which 
dilutions were made for titration pur- 
poses Clean glass surfaces did contact 
samples following irradiation. However, 
since all irradiated samples did this, there 
is little for considering that 
surface effects give rise to the reactivation 


less 


not 


source 


basis glass 
phenomenon. 

The survival to challenge by 19 of the 
20 pigs which survived treatment with ir 
radiated ucv II indicate that substantial 
immunogenicity survived these ultraviolet 
irradiations of up to 60 minutes. 

In the of ultraviolet-inactivated 
samples of nev III, dilute and undiluted, 
there was only one experiment involving 
inoculation of 10-ml. amounts in which 


Case 


+ Experiments 6 and 7 
Visible 


relatively 


light 
intense 


photoreactivation phenomena 


light 


require 


visible sources.® 
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ment tive tive 

5 1 2 0 

| 2 0 
7 ; 1 2 0 
l l 0 
9 6 1 0 2 2 0 
6 l 0 2 0 
31 6 1 0 2 2 0 
32 12 1 2 0 

1 2 0 

34 l 1 l 0 
l 0 2 2 0 
6 l | 2 0 

1 0 

38 1 2 2 0 

39 1 2 2 0 

40 1 2 

41 1 2 2 0 

42 1 2 l 1 1 0 
43 — l 2 2 0 
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there was evidence of immunogenicity. 
Since 1 ml. of the preparation involved did 
not give indication of immunogenicity 
(exper. 18) but 10 ml. did (exper. 19), it 
would appear that the immunogenice end 
point to the challenge virus dose was near 
the 10-ml. quantity. If this is true, then 
approximately 10° i.d. of Hcv serum, when 
ultraviolet inactivated, ‘apable of im- 
munizing a pig, 2 to 4 months old, against 
5,000 i.d. of virulent virus. When irradi- 
ated for 120 and 240 minutes, 10-ml. quan- 
tities of nev III (exper. 22, 24) should not 
be expected to confer immunity, since the 
immunogenic property has been shown by 
other workers to be readily inactivated by 
ultraviolet not much greater than 
required to reduce the infectivity titer to 
low level.®: 

The relatively low immunogenic titer of 
inactivated uev III preparations, as com- 
pared with nev II preparations, is prob- 
consequence of the lower initial 
Hcv III (10* as compared with 


Is 


doses 


a 


ably a 
titer of 


Hcv IT, 10°). 
In the course of these experiments, only 
pig gave evidence of prior immunity. 


This was 1 of the 2 pigs of experiment 14. 
Since only the equivalent of 0.01 ml. of 
irradiated material was inoculated, it 
not probable that immunity was due to 
the inoculation. 


is 


SUMMARY 

Hog cholera virus (HCV) in swine blood 
preparations was irradiated with 
2,537 A radiation. Approximately 10° in- 
fective (i.d.) of uev, when ultra- 
violet-inactivated, were found to protect 
swine, 2 to 4 months old, to a 5,000 i.d. 
challenge. Reactivation of the infectivity 
of two of three HCV preparations was found 
to occur when ultraviolet doses appreciably 
in excess of the initially inactivating dose 
used. 


serum 


doses 


were 
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Enteroviruses of Swine. |. Their Recognition, Identification, 
and Distribution in a Herd of Swine 


GEORGE W. BERAN, D.V.M.; ALVAR A. WERDER, Ph.D.; 
HERBERT A. WENNER, M.D. 


Kansas City, Kansas 


IN THE FALL of 1956, a study was instituted 
to search for enteric viruses in clinically 
healthy swine, using tissue culture meth- 
During the course of one year of 
study, 376 cytopathogenic agents have been 
isolated from fecal samples collected from 
a herd of swine. A number of studies have 
been made with regard to properties of the 
Studies on their isolation, their 
characterization as viruses, their relation- 
ships to a number of other known viruses, 
and their natural distribution in the swine 
population under observation form the 
substance of this report. 


ods. 


agents. 


MATERIALS METHODS 


The Study The study was 
ducted on swine at the Municipal Farm of Kansas 
City, Mo. About 6,000 pigs are raised annually 
on the farm, to utilize the commercial garbage of 
the The are for 
prisoners under the supervision of a farm man 
Swine production is divided into two estab 
lishments. At the first, the pigs are farrowed and 
} months old. The newborn pigs are 


AND 


Population. eon 


city. animals eared by city 


ager. 


until 3 
kept with their mothers in individual pens until 
they 3 weeks old, when they 
placed of 


each 


raised 


20 


are weaned 
There 

barns. 
at any 

When 
outdoor 


are 
are 
Usually, 


about 25 each. 
in of the three 
pigs in these 
depending on seasonal variations. 
old, the pigs are placed 
where they are kept until 3 
they transported to the garbage-feeding estab 
lishment. 
The study 


observation 


in pens 
such 


about 


pens 
750 time, 


about 7 


are barns 


weeks in pens 
months of age, when 


was designed for 
of pigs under 3 


a one-year period 


of months of age. 
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Cyriel 
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tor 
aspects 


Each 30 
pigs (4 litters), between 7 and 14 days old, was 
selected and ear-tagged for identification. These 
pigs raised with others the farm, but 
were kept under observation until removed to the 
garbage-feeding lot. This recruiting each month 
and the removal of pigs from the study at 3 
months of age maintained a balance of 75 to 90 
animals under study at all 

Collection and Handling of Specimens.—Fecal 
specimens were collected at monthly intervals from 
the animals selected for study. The first samples 
were obtained from suckling pigs, the second sam 
ples when they were in the barns, and the third 
The 


suspen 


month, a representative group of 25 to 


were on 


times. 


samples when they were in the outdoor pens. 
specimens were prepared in 10 per cent 
sions and passaged in pig kidney tissue cultures 
for the detection of cytopathogenic agents. A 
single blind passage usually was made before a 
specimen was considered negative. 

Culture 

were 


Systems.—Cultures of pig kid 
obtained from near-term fetal 
pigs or from pigs less than 7 days old. The cells 
were and implanted in tubes 
ing to a method described by Youngner.” The cul 
ture tubes were kept in stationary racks at 37 C 
during the growth phase; after changing to main 
medium, they 
Satisfactory growth and maintenance me 


Tissue 
ney cells 


suspended accord 


tenance were placed in rotating 
drums. 
diums were formulated; the growth medium con 
cent calf serum, and the mainte 
eontained no serum. Cells 
phosphate buffered saline 


when the growth medium was removed. 


tained 2 per 
medium 
with 


nance were 
solution 


Cells pre 


washed 


pared in this way were maintained in satisfactory 
condition for 14 to 21 without requiring 
further feedings. The serum level of the 
growth medium and the absence of serum in the 
maintenance the of 
naturally oceurring inhibiting pre 
venting the replication of viruses in the inoculum. 
At the same the mediums (table 1 
mitted the maintenance of for at 
weeks without adding more nutrient substrates. 
of the 
reference 
Each 


was given 5 


day 8 
low 
reduced 


medium possibility 


antibody or 
time, pel 
cells least two 
One 
which was isolated was used as a 
to prepare 
New Zealand 


undiluted 


Preparation of Antiserum. agents 
isolate 
of 3 


of 


antiserum in rabbits. 
White 


virus, 


an 
rabbits 


ec, 


harvested from culture, 
They 
virus intraperitoneally at 


the 


tissue 
three 
weekly 


inject ion, the 


intravenously. booste1 
of 


Ten 


were given 


doses inter 


vals. days after last rab 
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TABLE i—Composition of Mediums for Kidney 


Cell Cultures 


Maintenance 
medium 


Growth 


Constituent medium 


5.0% lactalbumin enzymatic 

hydrolysate * 10 ] ml 
2.8% NaHCOs 3.0 ml. 
Medium 199 

(X 10 concentrated)" ml 
Calf serum 
1.0% yeastolate * ml 
CaCLez : mM 
Antibiotics ml 
Sterile deaminized water 100.0 ml, 

to adjust pH to 7.6 


bits were exsanguinated by cardiac puncture and 


the serum harvested, pooled, and stored at 
20C. The pooled serum showed a 
titer of 1:256 (100 t.e¢.d.so of virus) 


tissue culture.”® 


was 
neutralization 
measured in 


RESULTS 


RECOGNITION AND IDENTIFICATION 
OF SWINE ENTEROVIRUSES 

Virus Isolations.—The first recognized 
agents were recovered from 15 of 39 fecal 
samples collected from pigs, 4 to 6 weeks 
old, during the second month (Nov., 1956) 
of the study. A characteristic and similar 


degeneration was observed in the pig kid- 


ney tissue cultures with regard to all 15 
agents. The cellular changes consisted of 
seattered foci of swollen rounded cells 
with increased light refraction. The 
changes were first observed two to four 
days after primary inoculation of cultures; 
twelve to 24 hours later, groups of simi- 
larly affected cells were clustered about 
the initially infected cell foci. Cellular 
degeneration continued until the entire 
cell sheet was lysed, usually within 48 
hours after the first evidence of cellular 
injury. In many cases, the fecal extracts 
were toxic, causing injury and death of 
cell cultures. Resolution of the difficulties 
was achieved by using additional passages. 
Characteristic cellular changes always 
were seen in the second and in successive 
passages in those samples containing the 
cytopathogenic agent. Photomicrographs 
illustrating infected and uninfected tissue 
eultures are shown (fig. 1). 

Characterization of Agents Recovered 
from Swine.—One of the original 15 agents 
was chosen for additional reference studies. 
Four serial passages in tissue culture pro- 
vided characteristic cytopathogenic 
changes. At the fourth level of passage, 
the agent titered t.¢.d.59/0.1 ml. 
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Neutralization Studies.—Neutralization 
tests in tissue culture showed the remain- 
ing 14 isolates to be antigenically related 
to the reference agent. Thus, this agent 
and its antiserum were considered to rep- 
resent prototype the group. 
The reference antiserum was used for fur- 
ther characterization of later isolates. 

Cultural Studies —Intected eul- 
ture fluids were inoculated in a large va- 
riety of culture mediums, rabbit 
blood agar plates, thioglycollate broth, 
Sabouraud’s dextrose agar, Difco pleuro- 
pneumonia-like organism (PPLO) medium 
(enriched with serum fractions), and fresh 
veal heart infusion* using aerobic, reduced 
oxygen (10% COs), and anaerobic condi- 
tions. Tissue culture harvest fluids ob- 
tained from cultures of lysed cells were 
examined microscopically by both light- 
and dark-field methods. A search was 
made for elementary bodies, using Mac- 
chiavello’s *° method of staining. None of 
these procedures demonstrated the pres- 
ence of bacteria, fungi, Leptospira, PPLO, 
or elementary bodies characteristic of the 
psittacosis-lymphogranuloma group of 
viruses. 

The agent ‘‘purified’’ by three 
serial passages, using the plaque technique 
of Dulbecco and Voet*® as modified by 
Dubes and Wenner.’ At the third passage 
level, the mean plaque size four days after 
inoculation of the cultures with the proto- 
type agent was 5.3 mm., with a range of 
2.0 to 8.0 mm. At this passage level, the 

 t.¢.d.59/0.1 ml., using 


agent titered 
the plaque technique. This third passage 
prepare a standard 


reagents for 


tissue 


eo. 


was 


harvest was used to 
reference pool for subsequent studies. 

Physical Properties—The purified agent 
readily passed Seitz and 03 Selas bacterial 
filters. Activity was retained after expo- 
sure to ether for 30 minutes. The reference 
virus rapidly was inactivated by heating 
in a water bath at 56 C.; after five minutes’ 
exposure, none was detectable. Some ex- 
ploratory studies showed the critical tem- 
perature of inactivation to lie between 50 
and 56 C. 

The properties described suggest 
the agent is a filterable virus 
referred to as such hereafter 

Host Range.—The prototype virus was 
inoculated into several species of labora- 


that 
and it is 


* Supplied by W. P. Switzer, Veterinary Research 


Institute, lowa State College, Ames 


» 


‘ 


Fig. 1—Pig kidney tissue cultures, 48 hours after being placed in maintenance mediums: 

(A) uninfected sheet of cells; (B) infected cells 24 hours after inoculation (degeneration 

scored ++); and (C) infected cells 24 hour after inoculation (degeneration scored +++). 
Unstained; x 86. 
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tory animals to ascertain its capacity to 
produce signs of disease. Doses of virus 
varying from 10° to t.¢.d.s9 were 
injected by normally employed routes into 
adult mice (i.¢., i.p., s.¢c., oral), suckling 
mice (i.¢., i.p., s.¢c.), rabbits (i.v., s.c., intra- 
corneal), hamsters (i.¢., i.p., s.¢., oral), 
guinea pigs (i.¢c., ip.), and monkeys (i.c¢., 
i.m.). Clinical signs of illness were not 
produced and gross lesions attributable to 
action of virus were not found at necropsy. 
In no instance could virus be recovered 
from tissues collected from the animals at 
necropsy, seven to 21 days after inocu- 
lation. 

Inoculation of undiluted virus harvested 
from tissue culture into embryonating 
hens’ eggs by the allantoic, amniotic, and 
yolk sae routes and onto the chorioallan- 
toic membrane failed to produce grossly 
visible lesions on these membranes or in the 
embryos. Virus was recovered in tissue 
culture from the amniotic or allantoic 
fluids from three of 12 embryonating hens’ 
eggs harvested five days after inoculation 
into these extraembryonic cavities. These 
fluids were reinoculated into embryonating 
eggs but virus was not recovered, leading 
to the conclusion that the virus had sur- 
vived the initial five-day period with little 
or no replication. In other virus 
was not recovered from inoculated embryo- 
nating eggs. 

The results of these tests in animals ex- 
cluded a large number of known viruses 
pathogenic for laboratory animals, t.e., 
pseudorabies, equine encephalomyelitis, 
Teschen disease, rabies, herpes simplex, 
Coxsackie, polio, and B viruses, among 
others. Pock lesions characteristic of the 
vaccinia-swine pox group of viruses were 
not seen on chorioallantoic membranes 
inoculated with virus. Infected fluids 
t.e.d.59/0.1 ml.) failed to aggluti- 
nate chicken erythrocytes. The absence of 
hemagglutinins, as well as the failure of 
the swine enterovirus to injure chicken 
embryos, excluded it as being Newcastle 
(ND), fowl plague, vaccinia, or 
another myxovirus. The failure of the 
virus to cause grossly visible lesions or to 
give rise to elementary bodies in the yolk 
sacs on serial passage in 7-day-old embryos 
excluded possibilities that the agent might 
be a PPLO or a psittacosis-like virus. 

Serological Relationship to Other Vi- 
ruses.—Studies were first directed toward 
excluding a relationship between the swine 


cases, 


disease 
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virus and other viruses known to produce 
disease or to be present in swine. The 
agent was neutralized by one lot of porcine 
gamma globulin. Among the viruses which 
have been isolated from swine and to which 
it was considered necessary to compare the 
swine enterovirus were the viruses of 
vesicular stomatitis (vs), vesicular exan- 
thema (VE), swine influenza, hog cholera 
(Hc), transmissible gastroenteritis (TGE), 
and Teschen disease. In addition, the iso- 
lation of a virus from the feces of a suck- 
ling pig ill with a diarrhea has been re- 
ported by Moscovici et al.’ Dale and 
Songer ® have described another virus iso- 
lated from The disease of swine, 
atrophic rhinitis (AR), was included, al- 
though the etiological agent, or agents, is 
unknown; presumably, a virus may be 
associated with this disease. The experi- 
mental inoculation of swine with ND virus 
has been shown by Buck * to produce elini- 
cal paralysis and antibody production in 
swine. 

In addition to these viruses, a number 
of viruses associated with human beings 
were considered. Included were 13 enteric 
cytopathogenic human orphan (ECHO),* 
six Coxsackie,® eight adeno-,®1* and three 
poliovirus *"* types. Finally, canine dis- 
temper virus was included because of its 
ubiquitous presence in dogs. 


swine. 


Immune serums prepared against proto- 
type strains of these viruses were obtained 
and studied for serological relationship to 


the swine enterovirus by neutralization 
tests. Serums for ar studies were obtained 
from AR-infected and ar-free swine herds 
maintained by the U.S. Department of Ag- 
riculture, Beltsville, Md. Evidence of anti- 
genic relationship to these viruses was not 
obtained. 

The observations on the relationship of 
the prototype swine enterovirus with other 
swine viruses must be viewed as prelimi- 
nary, for the titers of homotypic antibody 
in some of the pre- and postvaccinal serums 
were unknown to us. In three instances, 
i.e., With HC, AR, and Dale’s swine virus, 
antibody was present against our virus in 
both pre- and postvaccinal serums. These 
serums were of swine origin. In quantita- 
tive the pre- and postvaccinal se- 
rums had similar neutralization end points. 
In the majority of the tests, however, the 
antiserums used were of known potency, 
indicating that the swine enterovirus is 
unrelated to those viruses discussed. 


tests, 


In addition, serological relationships 
were not observed between the swine virus 
and those viruses isolated from man or the 
canine distemper virus. Studies using 
gamma globulin from man and serums 
from three men also failed to show evi- 
dence of neutralization of the swine entero- 
virus. One of these serums (GB) was taken 
from one of the workers studying this 
swine enterovirus, a second (JB) from a 
person having periodic contact with in- 
fected swine, and a third (rs) from a per- 
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I. 


son having no direct contact with swine 
Finally, two lots of bovine gamma globu- 
neutralization 
these 


lin showed no evidence of 
of the swine virus. A summary of 
studies is given (table 2 
Distribution of Virus in the Herd.—The 
broad prevalence of enterovirus in the herd 
made possible some fundamental observa- 
tions on dispersal of the viruses. During 
the 12-month period of observation, 826 
fecal samples were collected and assayed 
for enterovirus, with a yield of 336 iso 


TABLE 2—Failure to Establish Antigenic Relationship Between Swine Enterovirus and 
Various Other Viruses of Animal and Human Origin 


Strain of 


Neutralization 


of swine entero 
Antibody status of homotypic antiserums 


virus or virus by 
source (lot Type of Pre Post respective 
Virus or disease number ) antiserums vaccinal vaccinal Type of test antiserums 
DISEASES OF SWINE 
Vesicular stomatitis New Jersey Bovine NT in CE 
Indiana sovine 10-4 NT in CE 5 5 
Vesicular exanthema ! A-48 Equine ;<5 
B-51 Porcine 10-75 NT in CE 5 5 
Secaneous Equine NT in CE 8 
Swine influenza ° Ferret 0 10-3-2 NT in CE 5 
Hog cholera Porcine 0 + Protection test 5 5 
Transmissibl in swine 
gastroenteritis Canine 10-2 >10-* NT in swine 
Teschen disease © Rabbit ? 1:6,000 NT in TC <5 
Atrophic rhinitis Porcine ND 5; 
RECENTLY REPORTED VIRUSES RECOVERED FROM SWINE 
Moscovici 7 DS-3 Rabbit 10-27 NT in TC 
Dale Porcine ND 16 
VIRUSES OCCURRING NATURALLY IN OTHER ANIMALS 
New castle disease *® Calif. 1948 Chicken 10-5 NT in T¢ ) 
Texas 11914 Chicken 10-* NT in TC 5 
Protection test 
Canine distemper 7” Canine 0 + in dogs 
ENTERIC AND OTHER VIRUSES RECOVERED FROM HUMAN BEINGS 
Poliomyelitis *® Types 1, 2,3 Monkey 1:5 10 NT in TC 5 
Coxsackie * A-9, B-1 
through B-5 Monkey 1:5 10 NT in Té 
ECHO *® 1 through 13 Monkey 1:5 >10-2 NT in TC 
Adenovirus 1 through 8 1:40 NT in TC 
GAMMA GLOBULIN AND NORMAL SERUMS 
Human gamma 
globulin E2984 Human 
Bovine gamma ABCZH11: Bovine 
globulin R4912368 
Porcine gamma 
globulin R527077 Porcine 
Normal human serums ‘ 3 samples Human 
* Pre- and postvaccinal serums not from same animal; the cause of atrophic rhinitis is not knowr 
+ titers determined by method of Reed and Muench.~ 
Neutralization titer expressed as denominator of serum dilution titer of serum unknown; NT 


neutralization test; CE chicken embryo; TC 
These serums were supplied by the following 

O. Haelterman; ° M. Mussgay; ®F. L. Earl 

Salbery Laboratories, Kansas City, Mo uU.S 


oratories, Inc., Berkeley, Calif.; ™ Armour and Co 


tissue 


Public 
Kankakee, 


culture; ND not done 
A. Hollbrook; 2 R. I. Robinson \ A. Werder 
Moscovici; *C. N. Dale; *H. A. Wenner Jensen 


Health Service, Montgomery, Ala 2 Cutter Lab 
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590 
lates. Of 123 isolates selected at random 
and typed by neutralization tests, 121 have 
been shown to belong to a major homotypic 
group. Only two failed to be neutralized 
by antiserum prepared to the prototype 
virus. It appears that the majority of the 
isolates belong to a single type and that 
this type is predominantly enzootic in the 
swine herd. 

Data pertaining to isolations from the 
fecal samples collected at monthly 
intervals from pigs under 3 months of age 
are summarized (table 3). 

Distribution According to 


826 


Age and Sea- 


Son. 


The frequency of encountering en- 


teroviruses in swine appears to have a 
direct relation to age. In suckling pigs, 1 
to 2 weeks old, the average rate of detee- 
tion was 6.8 per cent, with a range of 
0 to 19 per cent. There is some evidence 
of a seasonal periodicity of shedding virus, 
with no isolations of enteroviruses being 
obtained in November, December, Febru- 
ary, March, June, and September. In the 
remaining six months, enterovirus was iso- 
lated from 10 to 19 per cent of the fecal 
samples. In January and May, all isolates 
were from pigs in a single litter each; in 
July, August, and October, the isolates 
were from pigs in two litters each; and in 
April, isolates were from pigs in three 
litters. It appears, based on evidence re- 
counted later, that infection in the young 
pig is influenced more by the immune 
status of the animal than by spread from 
pig to pig within a litter; nearly all ani- 
mals probably have extensive contact with 
virus-laden feces shed by their mothers or 
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carried from other pens in handling and 
cleaning operations. 

In pigs 5 to 6 weeks old, there was an 
over-all chance of finding virus in 54.6 per 
cent of the specimens; the range was 24 to 
83 per cent. In pigs 9 to 10 weeks old, the 
chance of encountering virus in any sam- 
ple ranged between 35 and 100 per cent, 
with an average of 73 per cent of the sam- 
A marked increase in 
incidence of shedding enterovirus is pres- 
ent with each month of increasing age. In 
both the 5- to 6- and 9- to 10-week-old 
groups, the incidence of virus fluctuated 
from month to month. The variations ob- 
served suggest periodic influences, but 
whether these are climatic or due to other 
undefined conditions is unknown. 

Duration of Carrier State—The 
indieate a high virus carrier rate in pigs. 
By 5 weeks of age, more than 50 per cent 
of the animals harbor virus in the gastro- 
intestinal tract. Repeated observations 
each month on the same pigs showed an 
increase in the number shedding each 
month. Among the 826 specimens listed 
(table 3), 594 three 
monthly specimens from 198 pigs. Of these 
pigs, 87.9 per cent provided virus in at 
least one of the fecal samples and 46.5 per 
cent of the 198 yielded virus in at least 
two of the three specimens collected. Only 
6 of the pigs yielded virus in all three 
samples. In all but four instances where 
two samples were positive, the isolations 
were from the second and third specimens. 
Thus, once an animal is parasitized, it har- 


ples being positive. 


data 


represent successive 


TABLE 3—Frequency of Isolation of Virus from Swine Feces Collected at Monthly Intervals 
at Municipal Farm 


Age of pigs at time of sampling 


1 to 2 weeks 


No Positive 


Date of collection tested (%) 
November, 1956 y 0 
December, 1956 3% 0 
January, 1957 

February, 1957 

March, 1957 

April, 1957 

May, 1957 

June, 1957 

July, 1957 

August, 1957 

September, 1957 

October, 1957 

November, 1957 

December, 1957 


Totals 


Grand total: No. tested 826; percentage positive 


tested 


5 to 6 weeks 9 to 10 weeks 


No 
No Positive 
tested (%) 


Positive 
(4 


No 


©) 


40.6 


| 
70 11 7 
41 2 87 
26 50 
83 21 86 
50 20 65 
31 14 79 
13 100 
24 26 
64 12 
73 16 RR 
26 96 12 92 
25 92 
325 6.8 282 54.6 219 73.0 
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bors and sheds virus for a period of at 
least one month and probably longer. 


PRELIMINARY OBSERVATIONS ON IMMUNITY 


The comparatively low frequency of en- 
countering virus in suckling pigs led to a 
study of possible immune barriers. Hoer- 
lein '* and others! have pointed out that 
pigs are born without antibodies and ob- 
tain them through colostrum. None of 33 
newborn pigs which had been deprived of 
colostrum had detectable levels of serum- 
neutralizing antibodies. In a study of 11 
pigs less than 10 days old which had re- 
ceived colostrum, serum antibody titers 
were found ranging from <1:4 to 1:84, 
with a mean titer of 1:43 (excluding 2 
which did not show detectable titers). In 
addition, eight samples of colostrum 
studied provided antibody titers from 1:4 
to 1:256, with a mean titer of 1:90. 

Additional information of the effect of 
colostrum on infections in pigs was ob- 
tained in a study of 8 pigs removed from 
their mothers before receiving colostrum 
and placed in an adjacent pen within the 
farrowing house. These animals were 
maintained in the same environment as the 
other pigs, except that they were fed modi- 
fied cow’s milk ** instead of the mother’s 
milk. The shedding of virus was detected 
as early as the fourth day after birth in 5 
of the 8 animals, giving evidence of natu- 
rally acquired infection. Virus was detected 
in the feces of 2 of the remaining animals 
by the fifth day, and only 1 failed to show 
natural infection, as indicated by the ab- 
sence of virus in the feces. 

The occurrence of infection early in the 
lives of these pigs gave evidence that the 
virus is widespread and readily available 
to the group of pigs. A study of 8 sows in 
the farrowing house at the time of this 
experiment showed virus in fecal samples 
obtained from 2. 

Of 12 pigs between 6 weeks and 6 months 
of age which were tested, all showed serum- 
neutralizing antibodies with titers between 
1:5 and 1:50. This antibody is presumed 
to be a response to infection, as the virus 
is widespread among pigs above 6 weeks of 
age, and antibody acquired from colostrum 
probably has decreased to negative before 
this time.'” 

These preliminary studies indicate that 
newborn pigs have contact with the swine 
enterovirus early in life but that they ac- 
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quire passive protection through the colos- 
trum which contains specific antibodies, 
and entrenchment of virus in the host is 
delayed for several weeks. Coincident with 
the decay of this passively acquired anti- 
body (between 3 and 6 weeks) the majority 
of the pigs become infected, as evidenced 
by virus in their feces. Although antibody 
production is stimulated in the infected 
pigs, they remain carriers and excretors of 
enterovirus for at least a month and prob- 
ably longer. Conversely, if pigs do not 
obtain colostrum containing antibody, it 
appears likely that parasitism occurs 
earlier in the natural history of the infec- 
tion. Studies in the colostrum-devoid pigs 
give indication of an incubation period for 
the virus of less than five days. 


DISCUSSION 


The characteristics and physical prop- 
erties of the prototype agent reported here 
have led us to classify it as a filterable 
virus. The exclusion of organisms of the 
pPLO group has been an important part of 
this characterization, 
have been reported as common inhabitants 


since these agents 
of swine.*®> These have many properties of 
viruses, including filterability and growth 
in tissue culture systems.** 

We have been unable to show any rela- 
tionship between the swine enterovirus 
and a number of other known viruses of 
animals and man. These studies are almost 
complete, with respect to viruses known to 
infect or to be carried by swine. Compara- 
tive serological studies, using antiserums 
prepared against the viruses of Moscovici 
and of Dale, have not revealed an antigenic 
relationship with our virus. Our virus has 
no serological identity with 13 ECHO, six 
Coxsackie, eight adeno-, or three poliovirus 
types tested. No neutralization was effected 
by normal human gamma globulin. 

The comparison with ECHO viruses was 
done because these viruses have been 
lated from the feces of apparently healthy 
individuals by tissue culture meth- 
10,13,21 4 situation comparable to the 
presence of our swine enterovirus in the 
feces of healthy pigs. The Coxsackie vi- 
ruses types A-9 and B-1 through B-5, also 
isolated from feces of human beings, have 
been shown to be cytopathogenic in mon- 
key kidney tissue culture,® and those of 
group B also for pig kidney tissue culture 


iso- 


ods, 
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by Guerin and Guerin.'! The adenoviruses 
were first isolated from human beings by 
tissue culture techniques. Guerin and 
Guerin showed adenovirus types 1 
through 7 to be cytopathogenie in pig kid- 
ney tissue culture. Moreover, it would not 
be strange if similar enteroviruses were 
shared between animals and human beings. 


also 


The virus is widely distributed in the 
swine population under study. Among 198 
pigs, 87.9 per cent shed virus at least once 
stool specimens collected at 
From observations not 


in three 
monthly intervals. 
reported here on the efficiency of isolating 
virus from single stool specimens, and on 
serological evidence of infection, it would 
appear that all the pigs became infected 
during the first few months of life 

Does infection produce clinical disease? 
At this time we cannot answer the 
tion. The evidence indicated growth of 
virus im vivo and the emergence of homo- 
typic antibodies in young pigs. The trans- 
fer of antibodies in colostrum from the 
mother to the newborn pigs affords pro- 
tection to the majority of young animals. 
This antibody titer probably is reinforced 
further by antibodies produced actively 
during the first few weeks of life. We have 
not observed a clinical syndrome which can 
be correlated with the earliest appearance 
of virus in the feces of young pigs. The 
minor respiratory and enterie infections 
observed from time to time among the pigs 
appear to be independent of shedding 
swine enterovirus, as these diseases were 
observed periodically both in pigs showing 
virus in the stool and in those failing to 
yield virus. Studies are in 
elucidate the capacity of the virus to pro- 
duce injury to vulnerable tissue. These 
experimental studies are directed toward 
learning more about sites of virus multi- 
plication an? the pathological changes 
occurring as a result of virus invasion. 


ques- 


progress to 


Is the swine enterovirus part of a ‘‘nor- 
mal viral flore’’ of swine? The virus ap- 
pears to be widespread among pigs which 
are clinically healthy. Rates of growth and 
of weight gain among these infected pigs 
are comparable to the average for pigs 
raised in this country. No excess of other 
swine diseases which might be predisposed 
by infection with the swine enterovirus has 
observed. If this virus can be re- 
benign virus, then there is 


been 


as a 
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provided another similar to the 
enteroviruses of mice “° and other animals, 
which can provide a model for experi- 
mental epizootiology. Both the virus and 
the host are amenable to studies on the 
basic mechanism of infection, immunity, 
and resistance in virus diseases. 

Studies relating to the pathogenesis of 
the enterovirus in swine are now in prog- 
ress and form the subject of a subsequent 
report. 


virus, 


SUMMARY 


Using tissue culture methods, 376 agents 
have been isolated from the 
population of pigs. Of the 
studied to date, 121 have been shown to 
be antigenically related to a_ prototype, 
indicating that the majority belong to a 
single homotypic group. The character- 
istics of the agents indicate that they are 
filterable viruses. The virus distrib- 
uted widely in pigs 5 to 10 weeks of age 
and less widely in suckling pigs. Prelimi- 
nary studies on the role of passive-active 
immunization of pigs born into the herd 
indicate that the virus actively infects pigs 
during the early months of life. 


feces of a 
123 strains 


was 
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Blood Values and Growth of Newborn Pigs Following 
Subcutaneous Implantation of Bacitracin Pellets 


MELVIN J. SWENSON, D.V.M., Ph.D.; G. K. L. UNDERBJERG, D.V.M., Ph.D.; 
DENNIS D. GOETSCH, D.V.M., M.S.; C. E. AUBEL, Ph.D. 


Manhattan, Kansas 


[nN 1952, Noland et al.® reported that the 
resulting growth stimulation when 1,000 
units of bacitracin, in pellet form, was im- 
planted subcutaneously in pigs at 2 to 5 
days of age increased their weight at wean- 
ing time over that of untreated controls. 
Differences were significant at the 5 per 
cent level. Implants containing 2,000 and 
4,000 units of bacitracin failed to produce 
a significant response in such pigs. 

Clawson et al.,! Perry et al.,2 and Rich- 
ardson and Swenson® found little or no 
growth response in pigs in which bacitracin 
pellets were implanted. Likewise, Holland 
and found little response in 
guinea pigs, and Underbjerg and Swenson'* 
found little in rabbits 

Papalia’ reported that bacitracin pellets 
implanted subcutaneously in pigs at 2 to 
5 days of age adversely affected the produc- 
tion of erythrocytes, resulting in severe 
nutritional anemia and ending in death. 


Swenson® 


In view of the reported adverse effects, 
an experiment simulating farm conditions 
designed to study the hematology, 
histology, and growth of newborn pigs in 
which bacitracin pellets implanted 
subcutaneously. 


Was 


were 


MATERIALS AND METHODS 


Newborn from 6 gilts (2 Hampshires 
and 4 


three 


pigs (47 
were placed at 
Hampshire 


Duroc-Jerseys random in 
The 2 had 


fed garbage during the gestation period until one 


gilts been 


groups. 


week before farrowing, when they were moved to 


farrowing houses and fed a ration containing 


meat 
dehy drated 
salt (0.5 Ib. 


ground yellow corn (72.0 scraps, 


(10.0 Ib. linseed oil meal (7.5 Ib. 
alfalfa (10.0 Ib.), 
The ration met the 


gestation and lactation according to the National 


meal and iodized 


nutritive requirements for 


Contributions No. 159, from the Department of Veter 
Medicine, and No from the Department of 
Husbandry, Kansas Agricultural Experiment Sta 
Drs. Swenson, Underbjerg, and Goetsch 
Physiology, and Dr. Aubel 
Animal Kansas 


inary 220, 
Animal 
tion, Manhattan 
Department of 
Department of 
State College, Manhattan 
Acknowledgment is given to 
Terre Haute, Ind., for a grant-in-aid 


are with the 
is with the Husbandry 
the Commercial Solvents 


Corp., 


Research Council.” Of the 4 gilts, 
2 were fed this ration during the latter part of 
pregnancy and throughout the 
The remaining 2 
a comparable ration. 

The pigs in group 1 


Duroe-Jersey 
nursing period, 
Duroe-Jersey gilts were fed 
were untreated and served 
tablet implanted 
subcutaneously, posterior to the right ear, in each 
pig of group 2, 36 after birth. A 
absorbing, bacitracin pellet 
pig of group 3 in the 
2 Both types of pellets 
contained 1,000 units of bacitracin. 
were taken from the anterior venae cavae of the 
pigs 36 hours after birth and at 
from 1 to 8 age. 
tions for erythrocytes, leukocytes, and hemoglobin 
blood 
termination was made for hematocrit velues. Hemo 
globin was determined by the acid hematin method 
of Cohen Smith, model 14 


spectrophotometer. readings 


as controls. A bacitracin was 


hours slow 
zine-aluminum 
implanted in 


way 


was 
each same 
as those for group 


Blood samples 


intervals 
Duplicate determina 


weekly 
weeks of 
were while one de 


made on all samples, 


and using a Coleman 
were ob 
They 
3,000 

(MCV 


Hematocrit 
tained by using Wintrobe hematocrit tubes. 
were centrifuged for 30 minutes at 
volume 


The mean corpuscular mean ¢o1 


puscular hemoglobin (McH and mean 


(McHe 
culated from the following formulas: 


corpuseu 


lar hemoglobin concentration were ¢al 


vol. packed erythrocytes, ml1./1,000 ml. blood 


millions/cmm 


vol. packed ery « s,m 100 ml 


weeks), 18 of the 47 
killed, 


heart, kidney, spleen, lymph node, ovary or testis, 


At weaning time s 
(6 per group 


pigs 


were and sections of liver, 


adrenal gland, thyroid gland, skeletal musele, and 
buffered 4.0 per 
Lillie,” and stained with 
The pigs 
at the time each blood sample was taken. 


sciatic nerve were fixed in cent 
formalin, as described by 
hematoxylin and eosin. were weighed 


RESULTS AND DiscussION 

The total number of erythrocytes per 
cubic millimeter of presented 
(table 1). The implanted bacitracin pellets 
did not appear to alter the erythrocyte 
counts. However, the values for Duroc 
Jerseys are significantly higher (5.0% 


blood is 


MCV (ca) 
Hh. Gn 1 in 

erythrocytes. n ions /emn 

Hh.. Gn 100 n ) 

MCHC (% 
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TABLE 1—Average Number of Erythrocytes per Cubic Millimeter of Blood (10°) from Pigs 
with and Without Bacitracin Pellets Implanted Subcutaneously 


Treat 
ments 


No. per 


roup 36 hours 


"SHIRES 


5 
6 
6 
6 


6.3 


BoTH 


R6-+ 
667 0 


9 


2 1,000-unit bacitrac 


aluminum 


1 control 


inits o 


* Treatments 


1,000 f a slow-absorbing zin 


ation 
level) than for Hampshires, from 36 hours 
through 3 weeks of age. The breed differ- 
ences were significant at the 0.1 per cent 
level at 36 hours, 1 week, and 3 weeks of 
age, while the differences at 2 weeks reached 
the 5.0 per cent level. Since the sows of the 
two breeds were fed different rations, it is 
possible that the differences in erythrocyte 
counts between breeds may be due to ma- 
ternal rations instead of actual breed 
differences. 

In analyzing the data (table 2), it was 
found that treatments did not affect the 
hemoglobin levels. With the exception of 
readings at 36 hours, the Duroc-Jerseys had 
significantly higher hemoglobin levels than 
Hampshires. The breed differences were 
significant at the 5.0 per cent level at 1, 
2, and 3 weeks, 1.0 per cent level at 4 weeks, 
and 0.1 per cent level at 5, 6, 7, and 8 


weeks of age. 


TABLE 2—Average Hemoglobin Values (Gm 


6 


OR 


5.24 


JERSEYS 
19 
31 
9 
BREEDS 


1¢ 
96 


1.11 


in pellet implanted subcutaneously 36 hours after birt! 


bacitracin + standard 


pellet implanted as in treatment 2 


The hematocrit values (table 3) were 
not altered by treatment. These values are 
slightly higher for Duroc-Jerseys than for 
Hampshires. A breed difference significant 
at the 5.0 per cent level was present at 1, 
5, 6, and 7 weeks of age. Thus, breed or 
maternal ration differences are less sig- 
nificant with hematocrit than with total 
erythrocyte and hemoglobin values. 

The mcv of erythrocytes was not changed 
by implanting bacitracin pellets in new- 
born pigs (table 4). The Duroc-Jersey pigs 
were born with considerably smaller eryth- 
rocytes (66.5 cn) than Hampshire pigs 
(90.0 eu). This difference was significant 
at the 0.1 per cent level. Normal adult 
swine have a Mcv of 57 to 60 en, as reported 
by Wintrobe.’* The mcv values of the 
erythrocytes of the Duroc-Jersey pigs were 
closer to these normal values. It is apparent 


./100 ml.) for Pigs with and Without Bacitracin 


Pellets Implanted Subcutaneously 


No. per 
group 


Treat 


ments 36 hours 


HAM 


DuRoe 


BoTu 


11 
2.1 


See table 1 for treatment; + standard deviation 


PSHIRES 
11.1 
10.8 
11.5 
11.1 


JERSEYS 


6 
‘ 


1 
l 
1 


9 
3.0 


BREEDS 


Age 
Weeks 
1 2 6 7 
l 1 1.35 1.83 5.53 1.87 7.9 7.72 7.28 7 
2 4 3.98 3.27 3.65 5.12 7.42 7 7.37 7.65 6.71 
4 3.37 3.25 4.32 = 6.91 7.1¢ 7.53 7.34 6.29 
Av 12 3.90 3.29 4.27 7.23 7.2¢€ 7.54 7.4 7.05 
l 12 4.97 4.14 4.56 7.07 6.98 7.66 7.74 7.4 
2 11 5.27 4.11 1.96 7.15 7.03 7.1¢ 7.6 4 
12 5.35 1.18 ».62 7.42 6 7.98 7 
\ } 5.20 4.14 0 7.22 7.08 7.64 7.0 i 4 
AV 47 4 7.2 7.16 7.61 7.€ 1 
ind 3 
Age 
Weeks 
2 4 5 6 7 
1 4 11.8 7.8 9.9 12.2 12.2 11.9 22.8 12.4 
2 4 12.1 8.2 9.1 12.2 12.5 11.7 12.1 8 
1 10.4 R.2 10.6 12 12.6 12.1 11.9 12 
AV 12 11.5 8.1 9.9 12.2 12.4 11.9 11.8 12 
1 12 11.2 9.2 Biot 2.7 13.7 14.8 15.6 14.7 14.1 
2 11 11.1 9.0 10.9 13.9 14.2 14.4 14 l ’ 
3 12 11.2 9.4 12.2 14.7 15.3 15.7 15.2 i4 
Av 15 11.2 9.2 11.4 14.1 14.8 15.3 14.7 14.2 
AV 4% 11.24 8.9 + | 12.54 13.64 14.2+ 14.4+ 14.0 13.75 
1.57 1.3 2.1 1.9 1.7 1.5 1.3 l 
SCC 
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TABLE 3—Average Hematocrit Values (%) for Pigs with and Without Bacitracin Pellets 


Implanted Subcutaneously 


No. per 
group 


HAMI 


"SHIRES 


BoTHu 


JERSEYS 


BREEDS 


39.2 + 


See table 1 for treatme 7 standard deviation 


that the Hampshire sows fed garbage pro- 
duced pigs with unusually large erythro- 
Again, this probably is due more 
to maternal ration than to breed differ- 
ences. At 3 weeks of age, the Duroc-Jersey 
pigs had mcv values significantly lower 
(1.0% level) than the Hampshires. There- 
after, in both breeds, the size of the eryth- 
rocytes was similar to those in adult swine. 
Treatments did not affect the amount 
of hemoglobin in the erythrocytes (table 5 
A greater amount of hemoglobin’ was 
present in the erythrocytes at birth in 
Hampshire pigs (29.3 pug.) than in Duroc- 
Jersey pigs (21.7 pug.). This difference 
was significant at the 0.1 per cent level 
while, at 1 week, the difference approached 
the 5.0 per cent level of significance. At 
4 weeks of age, the mcu of 17.2 for the 
Hampshire pigs was significantly lower 
(1.0% level) than for Duroc-Jerseys at 


cytes. 


19.6. The same was true at 5 weeks and, 
at 6 and 7 weeks, the differences were sig- 
nificant at the 0.1 per cent level. At 8 
weeks, the values were similar in both 
breeds. The mcu values for Duroe-Jerseys 
varied little, ranging from 18.9 to 22.9. The 
range for Hampshires was 15.8 to 29.3. The 
most probable explanation for this varia- 
tion in Hampshire pigs is the maternal 
ration during gestation. The normal McH 
values reported by Wintrobe'™ for swine 
are 17 to 19 pug. 

Treatments did not produce significant 
differences in MCHC (table 6). Breed differ- 
ences became significant at the 1.0 per cent 
level among pigs 3 weeks of There- 
after, the differences were significant at 
the 0.1 per cent level. The higher mcuec 
values for Duroc-Jerseys indicate that a 
larger percentage of the space within the 
erythrocytes was occupied with hemoglobin. 


age. 


TABLE 4—Average Mean Corpuscular Volume of Erythrocytes (Cubic Microns) for Pigs with 
and Without Bacitracin Pellets Implanted Subcutaneously 


Treat 
ments 


No. per 


group 36 hours 


Duroc 


65 


61 


Boru 


Age 
Weeks 


SHIRES 


9 
4 


JERSEYS 


9 
3 


BREEDS 


5+ 72.5+ 65.64 


67 11.6 


See table 1 for treatment + standard deviation 


8.6 
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Age 
Weeks 
Treat 
ments $6 hours l 2 4 6 7 8 
4 36.3 24.6 32.5 42.4 41.3 42.1 9.4 41.1 
2 4 36.0 25.1 29.5 3 41.4 41.0 40.4 10.3 41.3 
31.5 25.0 34.5 41.6 42.0 12.6 40.9 41.5 
: Ay 12 34.6 24.9 32.2 Ss 41.8 41.4 $1.7 40.5 41.3 
12 29.2 34.1 9.5 41.4 $4.9 44.1 42.4 40.6 
11 3.7 29.4 36.1 $1.2 43.1 42.4 41.4 40.7 
12 34.8 30.7 38.1 41.6 43.7 45.1 45.7 $2.5 42.6 
Av 35 29.8 36.1 19.8 42.1 44.4 44.1 42.1 41.3 
Av 47 34.44 42.04 13.62 $3.5 41.64 41.3-+ 
4.37 4.4 6.1 4.3 1.6 8.5 2 2.6 2.8 
1 4 83.4 74.6 67.2 ¢ 57.6 52.6 55.0 4.5 55.8 
2 4 91.0 78.0 73.8 al 55.8 59.2 55.2 2.9 61.3 
} 1 95.7 77.3 77.1 75 62.8 59.5 7.1 5.9 58.5 
Ay 12 90.0 76.6 72.7 72.3 58.7 57.1 5.8 4.4 58.5 
1 12 69.6 71.4 76.3 at 58.9 65.7 7.2 5.0 4.8 
2 11 64.1 72.8 73.3 | 58.0 62.3 9.4 4.4 55.5 
; 12 65.5 73.5 67.9 63.1 59.1 64.1 57.2 54.0 55.1 
Ay 35 66.5 72.6 72.4 63.3 58.7 64.1 8.1 1.5 55.1 
AV 47 58.74 62.34 7.5 56.04 
5 = 5.3 10.9 5.0 1.4 6.8 
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BACITRACIN AND GROWTH OF NEWBORN PI1Gs 


TABLE 5—Average Mean Corpuscular Hemoglobin of Erythrocytes (Micromicrograms) 
Pigs with and Without Bacitracin Pellets Implanted Subcutaneously 


Treat 
ments* 


No per 


group 36 hours 


3 


Age 
Weeks 


HAMPSHIRES 


DvuROc-JERSEYS 


20.5 
20.0 
20.6 
20.4 


BotH BREEDS 


3.6+ 
2.8+ 3.9 


See table 1 for treatment; ¢ standard deviation 


The average numbers of leukocytes and 
nucleated erythrocytes are presented (table 
7). When the total leukocyte counts were 
being made, it was not realized that nu- 
cleated erythrocytes were being included. 
As the differential leukocyte counts were 
started, it became evident that a number 
of the cells counted as leukocytes were 
nucleated erythrocytes, principally poly- 
chromatophils and normoblasts. While 
making a number of differential leukocyte 
counts by classifying 200 cells into their 
types, the total number of nucleated eryth- 
rocytes observed was counted. Percent- 
ages of leukocytes and nucleated erythro- 
cytes were obtained. Later, the actual 
number of these cells was calculated by 
multiplying the percentages by the num- 
bers in table 7. For example, if 50 nuecle- 
ated erythrocytes were observed while 
counting 200 leukocytes in a blood sample 


20.7+ 


containing 10,000 total leukocytes and nu- 
cleated erythrocytes, it was evident that 
25 per cent, or 2,500, of the 10,000 cells 
were nucleated erythrocytes and the re- 
maining 75 per cent, or 7,500 cells, were 
leukocytes. 

The data (table 7) show that treatments 
at 36 hours of age did not affect the counts 
significantly at any age studied. The total 
leukocyte and nucleated erythrocyte counts 
were higher for Hampshires than for 
Duroc-Jerseys. At 36 hours and at 1 and 
2 weeks of age, the differences between 
breeds were significant at the 0.1 per cent 
level. Nucleated erythrocytes were ob- 
served in the blood of Duroe-Jerseys prin- 
cipally at 1 week of age, when 20 to 25 
per cent of the cells counted as leukocytes 
were actually nucleated erythrocytes. There 
was a gradual increase in total leukocytes 
from around 7,000 at birth to 19,000 to 


TABLE 6—Average Mean Corpuscular Hemoglobin Concentration of Erythrocytes (%) for 
Pigs with and Without Bacitracin Pellets Implanted Subcutaneously 


Treat 
ments~* 


No. per 


group 36 hours 


HAMPSHIRES 
29.4 
28.9 
30.6 
29.6 


Duroc 


BoTH 
31.42 


92 


See table 1 for treatment; * standard deviation 


JERSEYS 
31.8 
32.6 


32.9 


32 


> 


BREEDS 
31.8+ 


2.8 


2 4 5 6 7 8 
1 1 26.7 23.4 20.4 20.3 16.7 15.8 15.7 15.8 17.5 
2 4 30.6 25.4 22.6 21.1 16.5 18.2 15.8 15.7 17.6 
3 4 30.5 25.4 24.9 23.0 18.6 18.0 16.1 16.2 19.1 
AV 12 29.3 24.7 22.6 21.5 17.3 17.3 15.9 15.9 18.1 
1 12 22.7 22.6 24.8 19.5 21.5 20.4 19.0 19.0 
2 11 21.0 22.2 22.0 19.5 20.5 20.2 18.8 19.0 
3 12 21.2 22.5 21.7 19.9 21.7 19.6 19.3 18.7 
Av t5 21.7 22.4 22.9 19.6 21.3 20.0 19.0 18.9 
Av 47 2 + 19.0 20.34 19.04 18.24 18.7+ 
2. 2.2 3.9 1.6 1.7 2.4 
Age 
Weeks 
2 5 6 7 8 
1 4 32.0 31.5 30.6 28.8 29.5 22.3 29.1 31.0 
2 4 33.6 32.6 31.4 29.5 30.4 28.9 30.1 28.9 
4 32.4 33.1 30.9 29.6 30.0 28.5 29.1 32 5 
Av 12 32.7 32.4 30.9 29.3 30.0 22.6 29.4 10.8 
1 12 32.4 31.6 32.4 32.9 34.7 14.8 
2 11 32.9 30.5 30.2 33.6 33.0 34.1 34.5 14.2 
12 32.3 30.9 11.9 33.8 13.9 14.3 15.6 14.0 
AV 32.5 31.0 31.6 3.5 33.3 54.6 34.9 $4.3 
Av 47 32.54 31.4+ 32.4 + 32.4+ 33.14 33.54 33.44 
2.1f 2.1 =_ || 2.4 2.5 2.7 2.7 1.8 
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20,000 at 5 weeks of age. Swenson et al.2 counted as leukocytes than did that of the 
found normal counts of 20,000 to 30,000 Duroc-Jerseys; however, 20 to 25 per cent 
also in Were nucleated erythrocytes. Hampshire 
pigs, 36 hours old, had between 8,000 and 
9,000 leukocytes per cubic millimeter of 
blood. At 1 week of age, in the Hampshire 
pigs, 30 to 40 per cent of the nucleated cells 
were erythrocytes, making a total leuko- 
cyte count of approximately 11,000 to 
13,000. At 2 weeks of age, 20 to 25 per cent 
of the nucleated cells were erythrocytes. 
At 3 weeks of age and thereafter, fewer 
than 5 per cent of the nucleated cells were 


in pigs after 5 weeks of age, and 
mature swine. 

At birth, the blood of the Hampshire 
pigs contained more cells which were 


erythrocytes. 

These results indicate that garbage is 
not an adequate feed for sows during gesta- 
tion. It is possible that such trace minerals 
as iron and copper may be lacking. The 
presence of enlarged erythrocytes at birth 
suggests that other nutrients, such as vita- 
min By and folic acid, may be inadequate. 
Which nutrient or nutrients were lacking 
was not determined, but the importance of 
nutrition of the sow during gestation, as 
explained by Swenson ef al.,!° was demon- 
strated. 

At 1 week of age the critical period had 
been reached, accounting for the presence 
of an increased number of immature eryth- 
rocytes in pigs of both breeds. At 2 weeks 
of age, the postparturient subclinical 
anemia was subsiding, probably because 
the pigs had secured sufficient iron and 
copper from the soil or from the sows’ 
rations. At 6 and 7 weeks, the total leuko- 
cytes and nucleated erythrocytes (table 7) 
were higher for Hampshire than for Duroe- 
Jersey pigs. This difference was significant 
at the 0.1 per cent level. There was a 
general increase in both the granulocytic 
and agranulocytic leukocytes, with no par- 
ticular type of cell predominating. 


BREEDS 


BoTH 


No histological changes caused by the 
bacitracin treatment were found on micro- 
scopic examinations of the livers, hearts, 
kidneys, spleens, lymph nodes, ovaries or 
testes, adrenal glands, thyroid glands, 
skeletal muscles, and sciatic nerves from 
18 pigs at 8 weeks of age. Changes due to 
breed differences were not observed in 
microscopic examination of the tissues. 


standard deviation 
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The average weights of the pigs were not 
affected by treatments (table 8). The only 
breed difference of importance was the 36- 


1 for treatment 


hour weight, when the Hampshire pigs 


See table 


averaged 2.3 lb. and the Duroc-Jerseys 
lb. This difference was significant at the 
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BACITRACIN AND GROWTH OF NEWBORN PiGs 


TABLE 8—Average Weights (Ib.) 


of Pigs with and Without Bacitracin Pellets Implanted 


Subcutaneously 


Treat 
ments 


No. per 


group 36 hours 


3 


HAMPSHIRES 


to bo to te 


x 


Boru 


1 


See table 1 for treatment; 7* standard deviation 


5.0 per cent level. The ration of the sows 
probably contributed more to pig size than 
did the breed. 


SUMMARY AND CONCLUSIONS 
1) Two Hampshire gilts, fed garbage 
during gestation, and 4 Duroc-Jersey gilts, 
fed rations meeting nutritive requirements, 
farrowed 47 pigs. At 36 hours of age and 
at weekly intervals thereafter, blood sam- 
ples were taken from the pigs and evalu- 
ated. At the time of the first sampling, a 
pellet containing 1,000 units of bacitracin 
was implanted subcutaneously in each of 
15 pigs, a slow-absorbing zinc-aluminum 
pellet containing 1,000 units of bacitracin 
was implanted in each of 16 pigs, and the 
remaining 16 pigs were left as controls. 

2) The bacitracin treatment did not re- 
sult in the alteration of the hemoglobin, 
hematocrit, mean corpuscular volume of 
erythrocytes, mean corpuscular hemoglo- 
bin, mean corpuscular hemoglobin concen- 
tration, number of erythrocytes in the eir- 
culating blood, total leukocytes and 
nucleated erythrocytes in the circulating 
blood. 

3) The bacitracin treatment did not re- 
sult in histological changes in the organs 
examined. 

4) Growth was not altered as a result of 
the subcutaneous implantation of bacitra- 
cin pellets. 

A subclinical anemia was 
in all pigs early in the nursing period. 

6) Pigs from sows fed garbage during 
gestation had more nucleated erythrocytes 
in the circulating blood than those fed 
rations meeting the nutritive requirements. 


or 


5) observed 


10.2 
10.2 
10.2 


JERSEYS 


3REEDS 


9.9+ 


3 


7) The presence of nucleated erythro- 
cytes in the blood stream, encountered in 
certain nutritional deficiencies, appeared to 
give a higher total leukocyte count than 
actually existed. 
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Age 
Weeks 
ee 1 2 1 4 5 6 7 8 
l 4 2.3 1.7 75 10.2 11.7 14.5 17.5 20.5 24.1 
2 4 2.4 4.8 74 11.6 14.3 17.3 19.9 22.5 
; 4 2.3 4.4 7.3 11.7 14.3 16.4 18.9 21.7 
AV 12 2.3 1.6 7.5 11.7 14.4 17.0 19.8 22.7 
] 12 4.9 8.1 10.1 1.9 14.5 18.0 21.9 26.4 
2 11 4.5 PS 10.7 11.8 14.5 18.2 23.2 26.8 
} 12 1.6 7.6 9.4 11.2 14.2 17.5 21.3 25.7 
AV a5 4.7 7.8 10.1 11.7 14.4 17.9 22.1 26.3 
Av 47 2.7+ 4.7+ 7.03 11.7+ 14.4+ 17.7+ 21.5+ 25.44 
0.67 b= L.7 2m 2.6 3.4 4.5 5.5 6.6 
The 


Quantitative Assessment of Bovine Liver Function, Using the 
Sulfobromophthalein Sodium Clearance Technique 


C. E. CORNELIUS, D.V.M.; G. S. THEILEN, D.V.M.; E. A. RHODE, D.V.M. 


Davis, California 


THE UPTAKE, conjugation, and excretion 
by the liver of foreign dyes introduced into 
the blood stream is a measure of both 
hepatic biochemical integrity and_ blood 
flow. Advantages of the sulfobromophtha- 
lein sodium (Bromsulphalein ;* Bsp) clear- 
ance technique, as compared with the dye 
retention method, have been discussed in a 
previous communication.* 

Studies concerning the ability of the ruminant 
liver to remove, selectively, foreign dyes from the 
general circulation have been conducted by 
many,” as pertaining to the percentage of dye 
retention at a specific time after its intravenous 
Shaw” and that 
the test dependable extremely 
late diffuse hepatic 
found greater dye retention in cows in late par 
turition and in with ketosis. Freese* per 
formed extensive and indicated 
that the dye-retention method was useful in ani 
advanced bacterial septi 

toxie Tests using 
therapy, ap 


injection. Garner” concluded 


was only in the 
stages of fibrosis. 
those 
studies in cows 


mals with fascioliasis, 
hemoglobinemias. 


after 


cemias, and 
BSP, 
peared helpful prognostically.’ 

Data from our laboratory that the 
plasma BSP disappearance is essentially logarith- 
quantitative 
this test can 


performed prior to and 


indicate 


mie and ean be used to obtain a 


assessment of liver function. From 
be obtained the hepatic BSP clearance, minimum 
values for hepatic plasma flow, and plasma volume. 
The BSP clearance technique is sensitive to early 
addition to chronic fibrotic 


hepatic necrosis, in 


changes. 


MATERIALS AND METHODS 


Control animals were mature, nonlactating Jer 
sey and Holstein-Friesian cows, over 
and Hereford steers and heifers between 
1.5 years old. Testing was performed under stand 


3 years old, 
1.0 and 
erd eonditions of: (1) absence of fever, (2) ab 
sence of jaundice, (3) normal appetite, and (4) a 
minimum of excitement during the test. All blood 
samples were collected via multiple venipuncture 
of the left jugular vein after the 
1 Gm. of ssp? into the right jugular vein. 
BSP becomes partially bound to plasma proteins, 


injection of 
Since 


School Medicine, 


Davis. 


From the of Veterinary University 
of California, 
Westcott 


* Bromsulphalein is produced by Hynson, 


and Dunning, Inc., Baltimore, Md 
+ Supplied by Dr. H. B. 
Dunning, Inc 


Dunning of Hynson, West 
cott and 


Jasper 


taken five to six minutes after 


Heparinized plasma 


samples were 
injection to allow for mixing. 
and biliary BSP samples were analyzed as reported 
previously.* 
Values for BSP 
half-time (tie 
were 


fractional clearance (K), BSP 


, Clearance (c), and plasma volume 
described previously.‘ True 
ecaleulated if the 


plasma volume, fractional clearance, and efficiency 


ealeulated as 
hepatic plasma flow can be 
of dye removal from the circulating plasma pass 
known 
phosphate, 


ing through the liver are Dobson and 
using colloidal 


technique in 


chromic used 
blood flow studies in 
factor (N) for the 
hepatic removal of BSP in cattle is known, frae 
place of k 


Jones, 
this 
man, 


hepatic 
Since no efficiency 


tional clearance (K) may be used in 


K 
(k 


Liters per minute . (min x plasma volume (liters) 


to caleulate a minimum value for the 
plasma flow. In the 
hepatie plasma flow 
unpredictable extent increased extrahepatic 
dye uptake. Additional error be attributable 
to changes in the efficiency of BSP uptake (N) by 
a damaged organ and further minimize the esti 
Since the al 
total 
protein 


hepatie 
injury, 
overestimated to an 


presence of liver 
may be 
from 


may 


mated hepatic plasma flow values. 


bumin space of the liver approaches the 
extracellular 
bound albumin to extravascular depots other than 
would appear of little importance in 


measurements. 


space, the loss of plasma 


the liver 
clearance 
RESULTS 

Mean fractional clearance (K) for 8 
mature, nonlactating dairy cows during 
the month of January, using 1 Gm. of Bsp, 
was (0.230 + 0.043 min.', with a range of 
0.169 to 0.277 min.-! for the first 20 min- 
utes. The mean half-time (t, was 3.11 
+ 0.64, with a range of 2.5 to 4.1 minutes 
(graph 1). Mean K for 7 mature, nonlae- 
tating dairy cows during the month of 
May, using 1 Gm. of Bsp was 0.203 + 0.025 
min.-!, with a range of 0.169 to 0.235 min."}. 
The ti. was 3.45 + 0.42, with a range 
of 2.94 to 4.1 minutes (graph 2). Mean K 
for 5 control Hereford steers and heifers 
(1.0-1.5 yr.) was 0.155 + 0.011 min.”, 
with a range of 0.141 to 0.163 min.-! be- 
tween six and 15 minutes after intravenous 
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injection.* Mean ty. was 4.5 0.32 
minutes (graph 3). ; 

Since Bsp is removed rapidly from the 
plasma in ruminants, hepatic duct biliary 
fistulas were produced surgically in 2 
lambs to measure quantitatively the BsP 
removed independently by the liver. Un- 
published data from our laboratory * indi- 
cate that mean K of Bsp in sheep is similar 
to that of nonlactating dairy cows. Two 
days after surgical recovery, 50 mg. of BSP 
was injected intravenously and an average 
of 85 per cent was recovered from the 
hepatic duct in 4.5 hours, followed by 
smaller concentrations thereafter (graph 
4). Maximum biliary concentration of 
BSP appeared between 30 and 60 minutes 
after injection. Cumulative biliary Bsp 
excretion over 4.5 hours could represent 
both early and late hepatic Bsp excretion, 
the former from primary hepatic BsP re- 
moval from the blood near injection time, 
and the latter from extrahepatic BsP turn- 
over. The possible presence in ruminant 
bile of a BSP conjugate with an altered 
photometric extinction coefficient merits 
investigation. 

Clearance tests using BSP were performed 
on d cattle suspected of having hepatopathy. 

Cow 55-2.—A polled Hereford 
years old, was 1 of 15 in a herd of 250 
cows on pasture that had shown diarrhea, 
progressive inappetence, and loss of weight 
for nine months. She had a temperature 
of 102.2 F., a pulse of 52, pale mucous 
membranes, and a negative reaction to joh- 
nin. Additional laboratory tests revealed 
a total serum protein of 7.1 Gm./100 m1, 
one trichostrongyle ova in the entire fecal 
sample, a negative Van den Bergh test 
with only 0.1 mg./100 ml. total serum bili- 
rubin, a normal urinalysis with a negative 
bilirubin, and a packed cell volume of 25 
per cent. Since the ranch environment 
was enzootic for fascioliasis, a BSP ¢lear- 
ance test was performed. Fractional clear- 
ance was 0.046 min.', which is about 20 
per cent of the mean normal value (graph 
5). Confirmation by necropsy and _ histo- 
pathological studies indicated the presence 
of a dilated biliary system containing 
masses of concretions and numerous flukes 
(Fasciola hepatica). A diffuse perilobular 
fibrosis with bile duct proliferation was 
present (fig. 1). All tests performed to 


cow, 3 


*The authors thank Dr. C. 8S. Crane, Porterville, 


Calif., for supplying the control cattle 
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Graph 1—BSP clearance in mature, nonlactating 
dairy cows after the administration of 1 Gm. of 
the drug (January). 


determine liver damage were negative ex- 
cept the Bsp clearance technique. 

Cow 55-1—A Holstein-Friesian cow, 18 
months old, was examined for complica- 
tions of traumatic reticulitis. Her temper- 
ature was 101.8 F.; leukocyte count, 15,800 
per cubic millimeter, with a differential 
count of 3 per cent metamyelocytes, 4 per 
cent bands, 64 per cent neutrophils, 26 per 
cent lymphocytes, and 3 per cent mono- 
cytes. The packed cell volume was 31 per 
cent and the icteric index, 10 units. Upon 
rumenotomy and exploratory laparotomy, 
multiple hepatic abscesses were palpated 
which, when cultured, were found to be 
due to Spherophorus necrophorus. Fraec- 
tional clearance was 0.141 min.! (60% of 
mean normal), with a clearance (c) of 3.73 
liters min.-! (graph 5). 

Cow 56-1127 —A lactating Holstein- 
Friesian cow was checked for liver dam 
age with Bsp on exhibiting pain during 
liver percussion after two attacks of acute 
mastitis over a three-week period. Treat- 
ment prior to this had consisted of systemi- 
cally and locally given antibioties and 
rumen stimulants. Her temperature fiue- 
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tuated between 102.2 and 105.0 F. during 
this time. Other findings were a leukopenia 
with a degenerative shift to the left in the 
blood differential count, an acid urine 
(pH 6), with a proteinuria and many 
microscopic coarsely granular casts in the 
sediment. The Bsp fractional clearance 
was 0.062 min.' (27% mean normal), 
with a clearance (c) of 1.63 liters min.” 
graph 5). <A liver biopsy showed nu- 
merous suppurative foci, 1 to 2 mm. in 
diameter, whose distribution was indica- 
tive of an embolic origin (fig. 2). Hydropie 
degeneration and lipidosis were observed, 
in addition to the acute disseminated sup- 
purative hepatitis. Aecrobacter aerogenes 
was isolated from the udder 12 days after 
the biopsy and clearance test. Three months 
after recovery, the liver had normal frac- 
tional clearance (graph 5). 

Cow 57-078.—A lactating Holstein- 
Friesian cow, 14 years old, two days after 
calving, had a temperature of 105 F., acute 
coliform mastitis in the left quarters, re- 
tained fetal membrane with metritis, and 
a degenerative shift to the left in the blood 
differential count. The Bsp fractional clear- 
ance was 0.0692 min.-! (30% normal), and 
a liver biopsy revealed cloudy swelling in 
the hepatic cells and moderate lipidosis. 
In addition, the serum glutamic acid-oxalo- 
acetic transaminase and serum glutamic 
acid-pyruvic transaminase levels were ele- 
vated (170 and 100 Sigma-Frankel units," 
respectively ) as compared to normal values 
in cows of X = 69 and 17 Sigma-Frankel 
units, respectively.2 Elevations in both 
serum transaminases have been shown to 
accompany liver necrosis in both man and 
the dog.® 

Cow 57-065.—A mature, lactating Jersey 
cow, following a traumatic teat injury and 
the use of cannulas in milking for three 
days, developed acute coliform mastitis in 
both right quarters. She had a tempera- 
ture of 104.2 F., with loss of rumen mo- 
tility and constipation. The Bsp fractional 
clearance 0.128 min.? (55% normal 
mean), plasma volume of 16.6 liters, and a 
clearance (c) of 2.12 liters min.-'. Serum 
transaminase levels were within normal 
limits. The liver biopsy revealed reticu- 
lated and vacuolated cells, somewhat sug- 
gestive of lipid accumulations, without the 
presence of cellular necrosis. 


was 


DISCUSSION 


The fractional clearance of BSP in cattle 


ASSESSMENT OF BoviINE LiveR FUNCTION 


CUMULATIVE BSP EXCRETION 
/, Hepatic duct cannulation 


/ 
WA 


% INJECTED DOSE (50 MGM BSP) IN BILE 


HOURS AFTER INTRAVENOUS INJECT ON : 
Graph 4—Cumulative BSP biliary excretion in 2 
lambs after the administration of 50 mg. 


during the first 20 minutes, as in the horse 
during the first 12 minutes,* undoubtedly 
is the total of many exponential disappear 
ance phenomena. No seasonal difference 
was observed statistically between Janu 
ary and May for fractional clearance of 
BSP in mature, nonlactating dairy cows 
Bile fistula preparations indicate that 
hepatic uptake of Bsp in the ruminant 
accounts for the greatest part of its elimi- 
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nation from the plasma. Differences in 
fractional clearance between yearling 
Herefords and mature dairy cows may be 
attributable to developmental differences 
in gastrointestinal mass and its effect upon 
portal blood flow. In the cow, there appears 
to be no slower exponential component of 
Bsp disappearance as had been observed in 
the horse after 12 minutes.* The presence 
of a gallbladder in the ruminant, which 
impedes the enterohepatic circulation of 
BspP during the first 20 minutes, could ac- 
count partly for this disparity between 
the species, 

The use of 1 Gm. of Bsp in cattle between 
the weight ranges of 500 and 1,200 Ib. re- 
sults in measurable concentrations for the 
first 20 minutes in the plasma and removes 
the problem of securing the weight of the 
animal, as in the percentage retention 
method. The veterinary practitioner should 
obtain at least two plasma or serum sam- 
ples between five and 20 minutes after 
injection and plot the concentration (ordi- 
nate) on semilog paper at each sampling 
time (abscissa). Since the removal of BSP 
is exponential, a straight line can be drawn 


through the two points bisecting the ordi- 


nate. The t,,2 values can be ecaleulated 
directly by recording the time as measured 
on the abscissa during which the concen- 
tration of Bsp on the ordinate is halved. 
Fractional clearance, in turn, can be eal- 
culated from the formula:* 

0.692 


tie 


The importance of a positive correlation 
between clearance values and routine histo- 
pathological findings of liver biopsy ma- 
terial is conjectural. Electron micrographs 
may demonstrate changes in the micro- 
somes, unobserved with microscopy at 
x 900, which may positively correlate with 
clearance values.* That an enzymatic le- 
sion not observable by any method of 
microscopy could interfere with Bsp clear- 
ance is possible. 

Since Bsp fractional clearance is depend- 
ent on hepatic blood flow, as well as on 
BSP enzymatic uptake, its cellular conju- 
gation and biliary excretion may exhibit 
similar BsPp disappearance curves when 
there are pathological changes in the liver. 

This is illustrated in the cases of cows 
56-1127 and 55-2 (graph 5). Since both 


eows (57-065 and 57-078) with mastitis 
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were febrile during the Bsp tests, cloudy 
swelling of hepatic parenchyma could slow 
portal blood flow and affect fractional 
clearance. Since mastitic cow 57-065 
showed normal serum transaminase levels, 
with a Bsp fractional clearance nearly 
twice that of mastitic cow 57-078, the 
hepatic changes could be those of an early 
lesion not yet associated with frank ne- 
crosis. The dissociation of liver function in 
acute coliform mastitis merits additional 
study, with special emphasis upon reversi- 
bility and irreversibility of the hepatic 
lesions. The measurement of many param- 
eters of liver function is important in any 
liver profile, since the organ in various 
diseases, as well as stages of each disease, 
may lose specific biochemical properties in 
differing orders. Cow 55-2 presented a 
clinical condition of fascioliasis in which 
hepatic compensation in the presence of 
diffuse fibrosis prevented any diagnostic 
significance to be attached to such tests as 
the urinary bilirubin, Van den Bergh’s 
test, and the total serum protein level. 
With a test in which the physiological 
capacity of the liver can be assessed, such 
as the Bsp clearance technique, latent hepa- 
topathy in cattle can be measured quan- 
titatively. 
SUMMARY 

A quantitative liver function for 
cattle has been described. 

The mean fractional clearance (K) in 
January, for 8 normal, mature, nonlactat- 
ing dairy cows, between five and 20 min- 
utes after the injection of 1 Gm. of sulfo- 
bromophthalein sodium (Bromsulphalein ; 
BSP), was 0.230 + 0.043 min.? with a mean 
half-time (t;/2) value for Bsp disappear- 
ance of 3.11 + 0.64 minutes. Mean K, in 
the month of May, for 7 normal, mature, 
nonlactating dairy cows was 0.203 + 0.025 
min. ', with a of 3.45 + 0.42 minutes. 
Mean K for 1.0- to 1.5-year-old Hereford 
steers and heifers was 0.155 + 0.011 min.!, 
with a tio of 4.5 + 0.32 minutes. 

Decreased fractional clearance ob- 
served in clinical cases of diffuse fascio- 
liasis, multiple liver abscesses due to Spher- 
ophorus necrophorus, and disseminated 
embolic suppurative hepatitis after acute 
coliform mastitis. The Bsp clearance tech- 
nique in cows appears sensitive to both 
acute and subacute involvement in addi- 
tion to chronic diffuse fibrosis in the bovine 
liver. 


test 
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Oxygen Uptake in Liver Homogenates Taken 
from Normal and Ketotic Cows 


F. SAUER, D.V.M., Ph.D.; W. M. DICKSON, D.V.M., M.S.; 
H. H. HOYT, D.V.M., Ph.D. 


St. Paul, 


RESEARCH on bovine ketosis has been hin- 
dered by the fact that most of the studies 
of mammalian metabolic pathways have 
been carried out with laboratory animals. 
The validity of applying such data to the 
ruminant is questionable, since there is in- 
creasing evidence that the ruminant meta- 
bolie differ considerably from 
those of other mammalian species. 

The of ruminant metabolism 
have been studied by different workers. Studies by 
Phillipson McAnally,” MeClymont,” Scham 
bye,” and Reid ™ have shown that glucose, as such, 


processes 


various aspects 


and 


is of only minor importance as a souree of energy 
The that the 
short-chain acids pro 
from carbohydrate 


in ruminant metabolism. 


ruminant 


concept 
utilizes organic 
fermentation 
Phillipson and MeAnally 
den and Phillipson.” Acetic ‘acid is the 
portant of organic and 
MeClymont,” Reid,” and Craine and Hansen * have 
that constitutes 87 to 97 per 
cent of the short-chain fatty acids present in the 
peripheral blood of sheep and eattle. The 
tance of acetate in ruminant metabolism has been 
the work of Reid” 
its in vivo utilization in 


been 
Els 


has 
and 


duced 
developed by 
most 
these studies 


acids, by 


shown acetic acid 


impor 


demonstrated further by and 
MeClymont,” 


sheep and cattle. 


who studied 


The role of propionic and butyric acids is less 
defined. There 


acid is 


well 
that propionic 
nant.” 


indicate 
the 
ruminant 


is good evidence to 


gluecogenic in rumi 


in a 


=6Johnson,” review on 
ketosis, proposes that propionic acid is an impor 
tant of that it there 
fore constitutes ‘*anti-ketogenic’’ 


factor in 


oxalacetie acid and 
the 
ruminant 
Little is known about the importance of butyric 
Work Pennington “ that bu 
acid is selectively metabolized to ketone 


epithelium, and subse 


source 
primary 

metabolism. 
acid. indicates 


tyric 


by 


bodies by ovine rumen 
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lin in carrying out many of the laboratory techniques 
as well as that of the Department of Veterinary 
and Radiology in performing the liver 


and Clinics 


series, Experi 
Division, Science 
Agriculture, and Dr 
of Veterinary Physi 
College of Washington, 


with the Chemistry 


Surgery 


vlopsies 


Minnesota 


utilized. This is in accordance with 


work by Shaw and Peterson,” who observed that 


quently is 


the perfused bovine mammary gland could readily 
utilize ketone bodies. Further studies appear nec 
essary to clarify the relative importance of ketone 
ruminant metabolism. 

of the literature that rela 
tively few manometric studies have been carried 
out with ruminant tissues. 

Pennington” studied the of 
ovine rumen epithelial slices incubated at 39.5 C. 
in Ringer’s and phosphate buffer. He 
reported QO, values of ?.13 to 3.69 and observed 
that the addition of either acetate ar propionate 
depressed the respiratory rate and that the addi 
tion of butyrate of glucose slightly it. 

Annison and Pennington incubated isobutyric, 
2-methy! 


bodies in 


A review reveals 


respiratory rates 


solution 


increased 
n-valerie acids 
They 

incubated 


and 
with ovine rumen epithelial slices. 
that the QO of this 
Ringer’s solution and phosphate or Ringer’s solu 
tion 4.0. 
The addition substrates 
failed to the of 
isovaleric acid, the respiratory rate was depressed 
They stated, regarding the 
strate stimulation of respiration, that ‘‘Owing to 
the relatively 


butyric, isovalerie, 
reported 
tissue 


values in 


and bicarbonate approximately 
of fatty 
increase this value and, 


were 
volatile acid 
in 


case 


below normal. sub 


high endogenous respiration it was 
not possible to draw any conclusions from a com 
parison of the oxygen uptakes with the amounts 
of fatty acids utilized. It is not even possible to 
deduee minimum values for the number of oxygen 
taken up per mole of fatty 
since oxidation of added fatty acids 
late the oxidation of endogenous substrates.’’ 
Kleiber published data on the QO 
liver Using 


37 ©, 


atoms acid utilized 


may stimu 
of 
at 


values 
incubated 


tissue. hand-cut slices 


in a balanced and 
at pH 7.4, 


results calculated 


glucose 
he reported 

the rate 
during the first half hour of the incubation period: 


cow, 2.6; horse, 2.1; sheep, 2.54 + 0.18. 


phosphate 
the 


respiratory 


solution following 


from mean 


This study deals with the application of 
manometric techniques to bovine liver tis- 
sue to determine (1) the QO. values of 
liver homogenates obtained from healthy 
adult dairy cattle; (2) the effects of add- 
ing suitable substrates, i.e., the volatile 
fatty acids, glucose, ketone bodies, or citric 
acid cycle intermediates, to the incubation 
mixture and determining their effects on 
respiration; and (3) to compare the re- 
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spiratory rates of liver samples obtained 
from normal cows to those obtained from 
ketotiec cows. 


MATERIALS AND METHODS 


The taken 
lactating dairy cows. An incision was made over 
the twelfth rib on the right side. A piece of rib 
was then transected, using a wire saw, to permit 
easy entry into the abdominal cavity. This pro 
cedure satisfactorily exposed the liver. A row of 
transverse mattress placed in the 
liver along the edge of the destined for 
excision and the tissue was subsequently removed. 
In this way, 5 to 10 Gm. of liver could be obtained 
without 


liver samples were from mature, 


sutures were 


area 


excessive hemorrhage or injury to the 
animal. Following routine closure of the incision, 
the animals were returned to the stalls and did 
not require special care. 
effects in any of the 


There were no noticeable 
injurious animals after 
surgery. 

Three taken from the ketotie 
cow described in experiments 17, 18, and 19 with 
out any ill effects from the procedure. This ani 
returned to the milking line after re 
covering from ketosis. Only one biopsy was taken 
from most of the animals, 
forming at the site of 
surgical procedure. 

After immedi 
ately cooled in cracked ice and homogenized with 
approximately 9 parts of chilled, aerated, isotonic 
potassium chloride in a Potter-Elvejhem homoge 
The homogenate was filtered through coarse 


biopsies were 


mal was 


since local adhesions 


incision complicated the 


removal, the liver sample was 


nizer. 
cheesecloth to remove fibrous tissue particles and 
the filtered 
for incubation. 


homogenate subsequently was used 


Initially, the homogenates were ineubated with 
Krebs-Ringer-phosphate buffer” (table 1; 
6, a 8). 


exper. 


The Warburg flasks were prepared as follows: 
The side-arm contained 0.3 ml. of 0.10 M sub 


TABLE 1—QO, Values Obtained with Homoge- 
nates Incubated Without Added Substrates 


Exper QOz 


Homogenate (No.) 2 replicates means 


Rat liver { 5; 4.23; 5.14 
Bovine live 
Bovine live 37 
Bovine live 5 
Bovine live 


r ) 
r 3 
Bovine liver 10 
r 
r 


1 

76; 3 
3 

9 


9 


Bovine live 11 
Sovine live 12 
Bovine live 13 
Bovine live 14 
Bovine liver 15 
Bovine liver 167 
Bovine liver 
Bovine liver 18** 
Bovine liver 


tw 


.50 


* Homogenates incubated in Krebs-Ringer-phosphate 
buffer; ¢ liver samples obtained from cows with ketosis; 
** liver partly recovered (18) and 
completely from ketosis. 


from cow 
(19) 


samples 
recovered 
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strate and 0.2 ml. of 0.03 M adenosine triphos 
phate;* the center contained 0.2 ml. of 10 
per cent potassium hydroxide and a strip of filter 
paper approximately 1 sq. em. in and the 
main compartment contained 1.0 ml. of 10 per 
cent liver homogenate in isotonic phosphate buf 
fer (0.10 M) and 1.50 ml. of buffer made from a 
stock Krebs-Ringe 
phosphate buffer. 
In most of the experiments, the buffer mixture 
of Potter et al.” This buffer mixture 
is rich in potassium and low in sodium ions and 
results in appreciably greater QOs values than the 
Krebs-Ringer-phosphate buffer. The buffer 
ture is composed of: 
Water.. 
0.5 M potassium chloride 


well 


size; 


solution and dibasic sodium 


was used. 


mix 


..7 parts 
parts 
1 part 
3 parts 


0.1 M magnesium chloride 
0.1 M phosphate buffer 


Reagent-grade, commercially available substrates 
used in the Thirty 
(uM) of substrate adjusted to pH 7.0 were used 
per incubation flask. 

The ‘‘direect’’ method of 
the COs liberated by 


sorbed by 


were side arm. micromoles 


Warburg, whereby 
the tissue is continually ab 
alkali, was used. The complete absorp 
tion of COs was assured by the use of a folded 
strip of reagent-grade filter paper immersed in 
0.2 ml. of a 10 per cent solution of KOH. Sub 
sequently, the sum of microliters (ul.) of Os taken 
up was plotted on the ordinate against time in 
minutes on the abscissa (graph 1). 

The oxygen uptake was relatively constant and 
the rate was maximum and 40 min 
This part of the plot was used to determine 


between ten 
utes. 
the rate constant and to ealeulate the microliters 
of oxygen taken up in 60 minutes. 

In three experiments, 2-C-labeled 
used as substrate. For this work, a 
taining 


acetate was 
solution con 
approximately 40 microcuries (ye.) of 
labeled acetate per milliliter was made up to 0.10 
M by 


subsequently 


acetate and 
substrates. At the 
wel! of 


adding nonactive sodium was 
used like 
end of the experiment, the center 
flask with distilled ear 
bon dioxide-free water and the washings collected. 
The filter paper 


other 
each 
was rinsed several times 
from the center well was washed 
carbonate. The 
ings were pooled and 10 ml. of a 0.1 M 


repeatedly to remove the wash 
solution 
of potassium carbonate was added to prepare an 
‘‘infinitely thick’’ The 
precipitated with a 5 per cent solution of barium 
chloride and the filtered into tared, 
perforated planchets, 2.5 em. in diameter, 
with double filter paper placed in the bottom ae 
cording to a 
and Sehubert.* 


planchet. earbonate was 


precipitate 


steel 


modified technique of Armstrong 


*The sodium salt of adenosine triphosphate (ATP) 
was obtained by dissolving the di-barium salt of ATP 
(Sigma Chemical Co., St. Louis, Mo.) in dilute hydro- 
chloric acid, adding a calculated amount of sodium sul- 
fate with stirring and removing the resulting precipitate 
of barium sulfate by centrifugation. The ATP solution 
was carefully adjusted to pH 7.0 with dilute sodium 
hydroxide before use 


1 
|| 
4.24 
1.15 
1.36 
1.56 
3.57 
4.00 
71 
04 
05 
48 
.99 
1.24; 1.09 yy 
1.48; 1.43 1.46 
2.49; 2.50 2 
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Res OXYGEN UPTAKE IN 


REsvuLTS 

The results are listed as QO» values of 
liver homogenates incubated both in the 
presence and absence of added substrates. 

Experiment 5 and previous experi- 
ments ** were carried out with rat liver 
homogenates in order to establish satis- 
factory techniques and also to determine 
whether species differences existed. The 
results shown (table 1), as well as pub- 
lished results,’:'® would appear to indicate 
that the respiratory rate of rat liver is 
approximately twice that of bovine liver 
when these incubation procedures are fol- 
lowed. The results summarized (table 3) 
indicate further that, while the addition 
of glucose causes a definite increase in the 
respiratory rate of rat liver, it does not 
tend to increase the respiratory rate of 
bovine liver. Further studies are neces- 
sary to compare adequately the substrate 
respiratory stimulation of rat and bovine 
liver homogenates. 

The endogenous respiratory rates of bo- 
vine liver homogenates are summarized 
(table 1) as QOs values. The low values 
of experiments 6, 7, and 8 are due to the 
use of the Krebs-Ringer-phosphate buffer 
in the incubation mixture. This buffer is 
high in sodium ion content and apparently 
not as suitable for tissue homogenates as 
for tissue slices. Replacing this buffer with 
the buffer of Potter et al.1* resulted in con- 
siderably higher QO» values. In this study, 
the best results were obtained when the 
homogenates were incubated in a low so- 
dium, high potassium medium. The QO. 
values of experiments 9 through 15 (ineu- 
bated in the buffer mediums of Potter et 
al. **) range from 1.94 to 4.14, with a mean 
of 3.01. 

The respiratory stimulation resulting 
from the addition of 30 »M of substrate 
to the incubation mixture 
(table 3). 


is summarized 


Bovine liver has a relatively 
high endogenous respiratory rate and the 


addition of various substrates gave irregu- 
lar results. The addition of 30 uM of either 
glucose or propionate had irregular effects 
on the respiratory rate. In some experi- 
ments, the respiratory rates were depressed 
below those of the control flasks. The addi- 
tion of acetate gave small but consistent 
increases in QO» values and the addition 
of beta-hydroxybutyrate 
generally resulted in considerable stimu- 


acetoacetate or 


Liver HoMOGENATES 569 
TABLE 2—Results of Experiment 15, Showing the 
Respiratory Stimulation Resulting from the Ad- 
dition of Oxalacetic Acid to Normal Liver Homog- 
enates 
Quantity of oxalacetate 


added to incubation 
mixture 


Substrate (replicates ) 


None 
34M 
None 
3 4M 
None 
3 aM 3.6 3.06 
34M 3.46 


None 

None 
Acetate 
Acetate 
Butyrate 
Butyrate 
Propionate 


2.49 
3.41 
3.01 
3.48 


lation of respiration. Student’s ‘‘t’’ test 7° 
for statistical significance indicates that 
the stimulatory effects of acetate and aceto- 
acetate are significant at the 5 per cent 
level of probability. 

The results of experiment 15 (table 2) 
show the effects of adding catalytic 
amounts of a citric acid cycle intermediate 
to the incubation flasks. The addition of 
 ©XPERIMENT NUMBER 14 
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Graph 1—Typical graph showing the plot used in 
calculating the 60-minute oxygen uptake. 


‘0 a 4 
0 A 
4 4 
60 y 
| 
40 
20 
[... | 
fy y 
/ 
Fok 
j 
| Flosk 
| ff 
20 
| Flosk 
ck 
\BO 
| 


570 


3 uM of oxalacetie acid resulted in definite 
increases in respiratory rate both in the 
presence and absence of added substrates. 

The effects of adding fumarie or malic 
acids in substrate quantity to the ineuba- 
tion mixture were studied in experiments 
6 and 7.*° Thirty micromoles of malice acid 
increased the respiratory rate 437 per cent 
above control, and 30 »M of fumarate in- 
creased the respiratory rate 128 per cent 
above control. 

For the radioisotope studies using 2-C1- 
labeled sodium acetate, a standard was pre- 
pared by ashing 0.1 ml. of the active ace- 
tate solution containing a calculated 1 une. 
of activity by the method of Sakami,”! 
with the Van Slyke and Folch oxidation 
procedure for wet ashing. The carbonate 
was precipitated as the barium salt and 
counted at twice infinite thickness in steel 
planchets. The counting was done in a 
lead-shielded sample holder,* using a Gei- 
ger tube with a window thickness of 1.9 
mg. per square centimeter. Duplicates of 
three aliquots gave counts of 9,367, 10,113, 
and 10,329 per minute, with an average of 
9,936 per minute. 

The results of incubating 2-C'*-labeled 
acetate with bovine liver homogenates are 
recorded (table 4). These counts repre- 
sent the activity of the COs given off by 
the tissues and absorbed as carbonate in 
the potassium hydroxide of the center well 
when labeled acetate was used as substrate. 
The QOvz values are recorded to allow com- 
parison between the breakdown of acetate 
to COs and the respiratory rates. The re- 
sults indicate that the acetate utilization is 


* Radiation Counter Laboratories, Chicago, Ill 


TABLE 3—Respiratory Stimulation Resulting 
Percentage Above 


Experiment 


Homogenate (No.) Glucose 


35.7 


14 


Rat liver 

Bovine liver 
Bovine liver 
Bovine liver 
Bovine liver 
Bovine liver 
Bovine liver 
Bovine liver 
Bovine liver 
Bovine liver 
Bovine liver 
Bovine liver 
Bovine liver 
Bovine liver 
Bovine liver 


17+ 
19** 


* Beta-hydroxybutyrate substituted for acetoacetate ; 
(18) and completely recovered 


liver samples from cow partly recovered 
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not proportional to the respiratory rate. 
The respiratory rates of the homogenate in 
experiment 18 are approximately half of 
those in experiment 19, yet the acetate 
utilization is approximately 300 per cent 
greater. The total acetate utilization was 
relatively small. Less than 1 per cent of 
the labeled acetate carbon was recovered 
as COs in the carbonate of the center well. 

Experiment 16 was carried out with 
liver homogenates prepared from a 3-year- 
old Guernsey cow (No. 507822) admitted 
to the University of Minnesota Veterinary 
Clinic on Jan. 11, 1957, with a clinical 
diagnosis of ketosis and chronie pneu- 
monia. After the pneumonia was checked 
with intensive and prolonged antibiotic 
therapy, the animal was considered to fit 
the requirements of clinical ketosis. The 
results (table 1) show a considerable de- 
crease in the respiratory rates of the liver 
samples. 

Experiments 17, 18, and 19 (table 5) 
were carried out with liver samples taken 
at three- and two-week intervals, respec- 
tively, from a mature, heavily lactating 
Holstein-Friesian cow (No. 507803) ad- 
mitted to the Veterinary Clinic on Jan. 3, 
1957, with a clinical diagnosis of primary 
ketosis. The blood glucose on January 7 
and 11 was 41 and 46 mg./100 ec., respee- 
tively. A 1:10 dilution of the urine was 
positive to the Ross test for urinary ke- 
tones on both these dates. 

The liver biopsy for experiment 17 was 
taken on January 11. The liver was grossly 
fatty, yellow, and friable at this time. The 
QOzs values were slightly above 1.0 and the 
addition of substrates, with the exception 


from the Addition of Substrates, Expressed as 
or Below Controls 


Acetate Propionate A cetoacetate 


6 
5 


6 
6 
1 
3 


19 


23. 
R86 
30 


0 16 


from cows with ketosis; 


from ketosis 


+ liver samples obtained 
(19) 


we 
5 4.6 80.4 
6 | 22 56.0 206.1 
7 11.0 65.4 95.6* 
8 | 5.1 44.9" 
9 10.9 m 43.7 25.2 
10 1.3 a 13.8 4.3 
11 5.5 9.6 
i2 7.6 11.5 20.1 
13 6.3 8.2 60.6 
14 17.1 19.0 3.9 29.2 
15 
11.1 1 7.1 
44.5 
1.2 37.6 
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of acetoacetate, did not increase these 
values. On January 14, the animal was 
given 100 mg. of hydrocortisone, followed 
by 50 mg. of delta-1-hydrocortisone (Solu- 
Delta Cortef*) on January 17. The ani- 
mal showed slow but progressive clinical 
improvement after this second cortico- 
steroid was given, and the blood glucose 
levels on January 22, 23, and 24 were 63, 
50, and 59 mg./100 ce., respectively. 

A second liver biopsy was taken from 
this animal on February 4. The results of 
this study are recorded (table 5, exper. 
18). At this time, the animal was con- 
sidered partly recovered from ketosis, on 
the basis of clinical findings. There was a 
definite change in the appearance of the 
liver at this time. Its color and consistency 
had returned to normal. There was an in- 
crease in the liver respiratory rate above 
that obtained in the previous experiment. 
The animal was considered to be clinically 
recovered by February 18. The undiluted 
urine was negative to the Ross test for 
ketone bodies at this time. The results of 
the liver biopsy studies taken on this date 
are recorded (table 5, exper. 19). The re- 
spiratory rates of the liver homogenates 
without added substrates were 71 per cent 
above those obtained in experiment 18, and 
114 per cent above those obtained in ex- 
periment 17. 


DIscUSSION 


In the initial part of this work, Krebs- 
Ringer-phosphate buffer 77 was used as the 
suspending medium. This buffer was not 


* Solu-Delta Cortef is 
Kalamazoo, Mich 


produced by the Upjohn Co., 
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satisfactory, since low QO» values resulted 
when it was used with either rat or bovine 
liver homogenates. After several trials 
with different buffers it was observed that 
by substituting potassium salts for sodium 
salts a marked increase in the respiratory 
rate of this tissue could be obtained. These 
findings were in agreement with those of 
Potter et who found that the 
values of rat liver homogenates were sig- 
nificantly increased when potassium salts 
were used. The Krebs-Ringer-phosphate 
buffer, because of its high sodium ion con- 
tent, more closely approximates extra- 
cellular fluid and probably is more suited 
for tissue slice incubations than for tissue 
homogenate incubations. A buffer high in 
potassium more closely approximates intra- 
cellular conditions and gives better results 
with tissue homogenates. 

The stimulation of oxygen uptake by the 
different substrates is listed (table 3). 
These results indicate that the addition of 
short-chain fatty acids to the liver homog- 
enates has considerable variation in effect 
on oxygen uptake, ranging from inhibition 
to small stimulation. The addition of ace- 
tate to the liver homogenates results in 
some respiratory stimulation; however, the 
results of the experiments using labeled 
acetate indicate that there is little corre- 
lation between QO» values and the break- 
down of acetate to carbon dioxide and 
water. This is illustrated by a comparison 
of experiments 15, 18, and 19. The QO. 
values obtained in experiment 18 were 
slightly above 1.5, yet the carbonate re- 
covered from the center well of the flasks 
had considerably greater activity than in 


TABLE 4—Radioactivity in Carbonate from Center Well when 15 uM of 2-C‘-Acetate Are 
Added to Incubation Mixture 


EXPERIMENT 15 Flask 6 


Dry weight 3.1 3.0 


Net count 
per minute 048.3 + 10.5 
Flask 5 


1.6 


EXPERIMENT 18 
Dry weight QOe 


Net count 


per minute ,829.1 + 13.7 
EXPERIMENT 19 Flask 4 


Dry weight QOz 2.5 


Net count 


per minute 389.4 = 6.6 


* Three micromoles of oxalacetate was added to flask 
Background = 36 ¢.p.m 


Flask 7 


919.4 = 9.8 


Flask 6 


1,619.4 + 12.9 


Flask 8 Flask 9 


3.4* 3.5* 
880.1 + 9.6 934.6>9.9 
Flask 7 

1.3 


1,695.0 + 13.2 
Flask 7 
2.4 


Flask 6 


389.4 + 6.6 


} 
1.3 
Flask 5 
2.6 
380.3 * 6.5 245.5 + 5.4 
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TABLE 5—A Comparison of Respiratory Rates of Three Liver Biopsies Taken from a Ketotic 
Cow (No. 507803) at Three- and Two-Week Intervals 


Experiment 17 


Substrate Substrate 


None None 
Glucose 
Acetate 
Propionate 
Acetoacetate 


Glucose 
Acetate 
Butyrate 
Acetoacetate 


either experiment 15 or 19 although, in 
these experiments, the QO. values were 
2.5 to 3.4. 

The respiratory stimulating effects of 
both propionate and butyrate were too ir- 
regular to be significant. No conclusions 
can be drawn at present as to their roles 
in the metabolism of bovine liver homoge- 
nates. Although the results of experiment 
5 indicated that glucose had a respiratory 
stimulating effect with rat liver homoge- 
nate, subsequent work with bovine liver 
homogenates showed that the respiratory 
stimulation resulting from the addition of 
glucose was low and not statistically sig- 
nificant. This may be a reflection of the 
fundamental difference in metabolic path- 
ways of the two species, 7.e., the ruminant 
depends primarily on short-chain fatty 
acids as a source of energy, while the rat 
depends primarily on carbohydrates as the 
principal source of energy. 

The use of some of the tricarboxylic acid 
cycle intermediates as substrates resulted 
in definite respiratory stimulation. The 
results of experiments 6, 7, and 18, in 
which 30 »M of either fumarate or malate 
were added to the flasks, indicate that 
these acids are readily oxidized by liver 
homogenates. 

Previous work ** indicated that the use 
of these tricarboxylic acid cycle inter- 
mediates, in catalytic amounts of 3 »M, 
gave less definite results In one experi- 
ment, the addition of 3 »M of fumarate 
resulted only in a small increase in QO» 
values. However, the addition of 3 »M of 
oxalacetate to the incubation flasks resulted 
in a considerable increase of respiratory 
rates. These results (table 2, exper. 15) 
are in agreement with the suspected im- 
portance of oxalacetate in bovine inter- 
mediary metabolism.*:* 

The ketone bodies, acetoacetic acid, and 
beta-hydroxybutyric acid, caused a signifi- 
cant inerease in oxygen uptake when added 


Experiment 18 


Experiment 19 


Substrate 


None 

Glucose 
Acetate 
Propionate 
Acetoacetate 


to liver homogenates. The importance of 
ketone bodies in intermediary metabolism 
has been given considerable attention. The 
production of ketone bodies by guinea pig 
liver slices has been studied by Jowett and 
Quastel.® They found that liver slices con- 
verted butyric, crotonic, and d,l,beta- 
hydroxybutyrie acid to acetoacetic acid. 
The odd-numbered fatty acids formed 
fewer ketone bodies and caused a greater 
respiratory stimulation than the even- 
numbered fatty acids. Their work showed 
that acetoacetic acid was more readily oxi- 
dized by the extrahepatic tissues than by 
liver. Weinhouse and Millington ** showed 
that ketogenesis was of minor importance 
in fatty acid catabolism and calculated 
that, with rat liver slices, a maximum of 
25 per cent of total oxygen consumed was 
utilized for acetoacetate formation and 
oxidation. He coneluded that ketogenesis 
is of minor importance except under ab- 
normal conditions, when the oxalacetate 
supply is depleted and the acetyl groups 
undergo self-condensation. 


These studies do not explain the respira- 


tory stimulating effect of acetoacetate 
found in this work. Experiments by Krebs 
and Eggleston’! and isotopic studies by 
Buchanan et demonstrated the inecor- 
poration of acetoacetate carbon into the 
tricarboxylic cycle acids and the impor- 
tance of this pathway in acetoacetate me- 
tabolism. Krebs and Eggleston ™ also ob- 
served that, with minced ovine kidney 
cortex, acetoacetate significantly increased 
the yields of citric and suceinie acids in 
the presence of a constant amount of oxal- 
acetic acid. They reported further that 
acetoacetic acid exerted a sparing effect on 
oxalacetate utilization. It would, there- 
fore, appear possible that the respiratory 
stimulating effect of acetoacetic acid is due 
to its oxalacetic acid-sparing effect and to 
an increase in the citric acid and succinic 
acid content of the system. 


—_ 
a72 
Mean Mean Mean 
1.46 2.50 
1.47 2.53 
1.55 48 
1.01 2.91 
2.11 3.44 
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OxyYGEN UPTAKE IN 

Although relatively few studies were 
done with liver samples taken from ketotic 
cattle, the results showing the low QOs 
values obtained with these homogenates 
were of interest. While the reason for the 
depression of oxygen uptake with these 
samples is not apparent at present, some 
of the depression probably is due to a re- 
placement of the normal structure of liver 
by fat. A comparison of experiments 17, 
18, and 19, carried out with liver biopsies 
taken from the same animal at three- and 
two-week intervals, respectively, indicates 
that other factors may be involved. The 
liver tissue in experiment 17 was extremely 
fatty and friable while, three weeks later 
when experiment 18 was carried out, the 
gross appearance of the liver was normal. 
Yet the QO» value only increased from 1.2 
to 1.5 during this period while, two weeks 
later, this value increased to 2.5, even 
though there was no further apparent 
change in the gross structure of the liver. 

If this depression of respiratory rates in 
ketotic bovine liver homogenates is real, 
then the possibility must be considered 
that the metabolic activity in the ketotic 
animal, at least with respect to the liver, 
is considerably depressed. 


SUMMARY 


1) Liver samples were taken by biopsy 


from 10 normal, adult, lactating cattle. 
They were homogenized and _ incubated 
and the rates of oxygen uptake were meas- 
ured. Dry-weight QO. values were estab- 
lished, both with and without the addition 
of substrates. These values ranged from 
approximately 2.0 to 4.0 when no substrate 
was added and the suspending medium 
was low in sodium and high in potassium. 

2) The effects of acetate, glucose, 
propionate, butyrate, acetoacetate, beta-hy- 
droxybutyrate, and some of the tricarbox- 
ylie acid cycle intermediates on the respi- 
ration of these homogenates were studied 
and their significance was discussed. The 
respiratory stimulating effects of glucose, 
propionate, and butyrate on bovine liver 
homogenate were too small and irregular 
to be significant. Significant respiratory 
stimulating effects, however, were obtained 
from the addition of beta-hydroxybutyric 
and acetoacetic acids to the ineubation 
mixture. This indicates that these sub- 
stances are metabolized readily by the 
normal homogenized bovine liver. 
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The addition of fumaric and malic acids 
in substrate amounts of 30 »M (micro- 
moles) resulted in large increases of QO» 
values. Definite increases in respiratory 
rates also were obtained following the ad- 
dition of 3 »M of oxalacetic acid to the 
incubation flasks. 

3) The oxygen uptake of liver tissue 
taken from 2 ketotic animals was studied. 
The respiratory rate of the liver tissue 
homogenates was markedly decreased, re- 
sulting in QO» values of approximately 1.0. 
Biopsies were taken at three- and two-week 
intervals from 1 of these animals, and the 
progressive increase in the respiratory rate 
of the liver homogenate was recorded. It 
was concluded that if this in vitro depres- 
sion of respiratory rate is a reflection of 
in vivo metabolism, then the liver of the 
ketotic cow has a markedly depressed rate 
of metabolism. 
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Blood Calcium in Bovine Ketosis 


KARL HALSE, MS., and WEIERT VELLE, D.V.M. 


Oslo, Norway 


It HAS BEEN OBSERVED at this department 
that two days’ starvation of the cow can, 
under certain circumstances, lead to such 
great changes in blood caleium and mag- 
nesium that nervous signs develop.’° In 
1932, Gowen and Tobey demonstrated 
that ‘‘blood calcium of cows decreased 
slightly during inanition.’’ 

These observations led to the question of 
whether blood calcium levels are generally 
altered in cows that show reduced feed 
intake, especially when inappetence is ac- 
companied by a marked increase in ketone 
bodies in the blood. 

REVIEW OF LITERATURE 

and Hayden stated, in 1935, that 
blood ealeium was reduced in cows during aceto- 
nemia and, in 1936,” that their investigations had 
‘*failed to reveal significant disturbances of the 
blood calcium and the blood inorganic phosphorus 
in ketosis of cows.’’ However, their measurements, 
in cows observed during the course of and after 
recovery from the that the blood 
had a higher caleium content after recovery in 
most of the cows. In many of these, the acetonemia 
moderate (under 30 mg./100 ml.). It was 
noticed that the combination of moderate 
acetonemia and pronounced hypocalcemia occurred. 
Such termed ‘‘acetonemia,’’ 
‘*parturient paresis,’’ or ‘‘acetonemia with par- 
turient 


Sampson 


disease, show 


was 


also 
combinations are 


paresis. 
Sampson and Boley” measured calcium in the 
blood serum of 8 cows during the course of and 
after from ketosis. The difference be- 
tween the average values was only 0.46 mg./100 ml. 

After examining 5 with increased blood 
acetone, Dunean et al.® concluded that “The values 
obtained for plasma calcium, magnesium, and 
chloride did not indicate a disturbance in the 
metabolism of these constituents in ketosis.’’ The 
made that 4 of the 5 cows 
examined had only relatively moderate acetonemia, 
with between 20 and 35 mg. of 
per 100 ml. of blood. 

Like Sjollema,” Shaw”™ stated that ketosis of 
cows may be accompanied by nervous signs. Sjol- 
lema, but not Shaw, mentioned that in atypical, 
nervous forms of ketosis there may be some dis- 
turbance of the mineral together 
with the ketonemia. 


recovery 


cows 


comment can be 


acetone bodies 


metabolism, 


From the Department of Physiology, Veterinary Col 
lege of Norway, Oslo. 


This investigation was supported financially by the 
Agricultural Research Council of Norway. 


Sjollema stated that the values for blood and 
urine acetone are lower in animals with the ner 
acetonemia than in other ketotic 


between the levels in the 


form of 
The proportion 
two categories is stated as one to two. 

In Alleroft’s discussion’ (1947) of 
were not 


vous 


cows, 


with 
values given 
indicated the seat 


cows 
metabolic disorders, exact 
for blood acetone. Instead, he 
tering of serum calcium and magnesium values in 
with ‘‘ mild 
10.1 to 20.0 mg./100 **marked 
nemia’’ (blood mg./100 mil. 
From the figures published, it was possible to ¢al 
culate an average value for serum calcium of 8.57 
mg./100 ml. for the group with marked aceto 
nemia. In this category, an approximately nor- 
mal frequency curve was found, with a well-defined 
peak at 9 mg. of calcium per 100 ml. of serum. 
For the group with mild acetonemia, the calcu 
lated average value for serum 6.31 
mg./100 ml. The frequency diagram two 
distinct maxima at 4 and 9 mg./100 ml. This 
indicates that the term ‘‘mild acetonemia’’ covers 
at least two types of metabolic disorders. It 
appears that, among cows with mild acetonemia 
in Alleroft’s material, there are many 
with values for serum calcium and magnesium 
characteristic of parturient paresis or tetany. 


acetonemia’’ (acetone bodies, 
ml.) and 


above 20 


cows 
aceto 


acetone 


ealcium is 
shows 


animals 


MATERIALS AND METHODS 


The observations are blood 
from cows in the field practice area of the Veteri 
nary College of Norway. 

When reference is made to animals with ketosis, 
this applies to animals with increased concentra 
tions of total acetone bodies in the blood and a 
tendency to hypoglycemia. They have all shown, 
more or markedly, the following signs of 
reduction or of feed intake; 
milk yield; reduced rumen movements; 
dry, mucus-covered feces; 
from breath and milk. 

The term ‘‘acetonemia’’ 
to indicate states of increased 
total acetone bodies in the blood. 

In the statistical treatment of the observations 
from the with two groups 
distinguished. Group 1 is composed of 19 samples 
from 7 cows, each of which had been tested two 
or three times during the course of the disease. 
Samples were taken from all these animals both 
before and after treatment started. Observations 
of 5 of the cows after recovery also are included. 
Group 2 consists solely of individual samples from 
2 normal and 26 ketotie cows. 

Some samples from cows with tetany and paresis 
also have been examined. 


based on samples 


less 
disease : cessation 
reduced 
and an odor of acetone 


will be used exclusively 


concentration of 


cows ketosis, ean be 


These were placed in a 
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separate group on the basis of clinical signs, in 0.12 mg./100 ml.; and sample 2, 12 analyses, 
spite of the fact that moderately increased blood 27.14 + 0.38 mg./100 ml. 

acetone was found in some. The method gives figures below 1 mg./100 ml. 

Normal Values for Bovine Blood.—The concen for normal, nonfasted human beings. 

trations of blood and serum constituents in the Blood Sugar.—Blood sugar was determined 
ketotie cows are compared with averages from partly according to the method of Fujita and 
about 80 samples, taken over a long period of Iwatake* and partly according to an anthrone 
time, from 10 normal animals. method. The two methods correspond within ap 


The average for normal acetone bodies was proximately 1 mg./100 ml. of whole blood when 


average results are compared. With the first of 
these methods, Halse and Velle™ found an average 
value for normal (nonketotic) cows of 57.02 + 


ealeulated from observations made about i? hours 
after the last feeding. 

Blood Serum.—Blood serum for the mineral 
analyses was taken within 24 hours after the sam- 4.92 mg. of glucose per 100 ml. of blood. 
ples were drawn and stored at 5C. until the anal- 
yses could be earried out. 

Protein-Free Filtrate of Whole Blood.—This The correlation between any two of the 
filtrate for determining blood sugar and total blood components (acetone, glucose, cal- 
acetone bodies was prepared according to the cad- e@jym) is highly significant in both groups 
mium procedure of Fujita and Iwatake’‘ (anti- l and 2 (table 1 
coagulant, oxalate-fluoride mixture). Filtrates 
were taken at the same time and stored in the 
same way as serum. test to the Z values (Z 1.15138 > log 

Serum Calcium.—Serum calcium was determined 
according to a modification of the method of cr — eoefficient of correlation: R. A. 
Kramer and Tisdall.” A statistical analysis based 
on differences between double determinations 
shows a standard deviation not exceeding 0.135 Fisher, according to Snedecor ™), shows 
mg./100 ml. for the figures given. that the difference between groups, with 

Serum Magnesium.—Serum magnesium was de regard to their correlation coefficients, may 
termined according to Briggs’ principle. Caleu be accidental. Therefore, it has been found 


RESULTS 


A statistical analysis, applying the ‘‘t 


lations were based on standard solutions analyzed permissible to combine the observations 


simultaneously. 
Total Acetone Bodies.—Total acetone bodies in 
the blood were determined according to a micro 


from both groups (table 2). Values for 
serum calcium and magnesium are ar- 
modification of Van Slyke’s mercury-precipitation ranged according to increasing levels of 
method,” developed at this department. Mereury, acetone bodies in the blood. é 

in precipitates, was titrated with thiocyanate. A It appears that the mean values for 
test of reproducibility gave the following figures Serum calcium at blood acetone levels 


o7 


for bovine blood: sample 1, 20 analyses, 127+ above 45 mg./100 ml. are significantly re- 


TABLE i—Correlations of Calcium, Acetone, and Glucose in Bovine Blood 


Mean and Level of 
No. Blood standard Coefficient of signifi Coefficient of 
No obser or serum deviation Correlation correlation cance regression 
Group cows vations component (mg./100 ml.) x—y (r) (Pt) yon x 


1 7 19 9.25 Acetone 0.755 22 0.1% 0.023 
Calcium 


Calcium % 0.019 


Acetone 
Acetone 


Blood sugar 0.806 


Blood sugar 


Blood 
sugar 


28 Calcium 0.508 9.06 1.0% 0.055 


* Group 1 7 cows observed during and after ketosis; { group 2 single observations from 2 normal 


(n—2)r* 
cows and 26 cows with ketosis covering the same range of blood acetone as group 1 
1—r- 


variance ratio (Snedecor); ft P probability in percentages (Snedecor ™) 
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27 28 28 947+ 0.094 
2 28 28 44.43 + 27.99 ee 48.07 0.1 0.247 
7 19 42.93 + 12.02 40.628 11.07 1.0% 10.042 
2 28 errr 
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duced, in comparison with the mean values 
at blood acetone levels below this limit. 
But an increase in acetone beyond 45 mg. 
100 ml. does not seem to be accompanied 
by any further lowering of the calcium 
level. 

No correlation of serum magnesium with 
blood acetone can be established. 

The material shows that the blood ace- 
tone concentration can vary within wide 
limits in animals with identical diagnoses. 
High levels of blood acetone were found at 
stages when no signs of ketosis were ob- 
served in 3 animals in group 1. Analyzed 
findings from these cows are summarized 
(table 3) 

The four blood components which were 
measured in the ketotic animals also were 
measured in 7 cows with tetany and 1 with 
paresis (table 4). In some of these ani- 
mals, blood acetone levels were somewhat 
higher than normal (maximum, 17.9 mg. 
100 ml.). No correlation seems to exist, 
however, between calcium and acetone in 
these animals. 


0+ 0.391 
33 + 0.190 
13 + 0.474 


99 


) 
9 
determinations of serum 


Group 
and 


Not signif 


determinations of serum calcium 


81 


DISCUSSION 


3+ 0.4 


Nearly one half the number of blood 
acetone values observed in the ketotic cows 
in this investigation are distributed in the 
interval of 50 to 91 mg./100 ml. From 
Alleroft’s graphs, representing a much 
larger number of cows with acetonemia, it 
is found that only a few of his animals had 
values above 90 mg. of acetone per 100 ml. 

In our material, the average serum ¢al- 
cium in cows with blood acetone levels 
above 45 mg./100 ml. is in good agreement 
with that computed on the basis of All- 
croft’s figures for more than 300 cows with 
marked acetonemia (above 20 mg./100 
ml.). However, the results are not directly 
comparable, as the averages refer to dif- 
ferent acetone intervals. 

The discrepancy between our results and 
those of Sampson and Hayden” is con- 
spicuous. The lowest calcium values indi- 
cated by these authors appear in the ace- 
tone interval of 20 to 40 mg./100 ml. In 
our investigation, it was not possible to 
demonstrate any significant deviation from 
the normal level in this interval. The dif- 
ference may be due to the fact that of the 
cows studied by Sampson and Hayden 
there were some with parturient paresis 
and many in which the acetonemia may 
have been a hunger phenomenon following 
some nonmetabolic disturbance. 


10.04 + 0.60 
10.17 + 0.6 
9 


(about 12 hours after last feeding), 


deviation 
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bodies 


s in blood 
Mean and standard 


acetone 


(Snedecor 


total 


of 


| 
o | 
qi 
= 
a 
a | 
< 
= 
~ 
~ 
2 
a 
| 
=a 
a 
n 
1S) 
| 
| 
& 
ioe) 


percentages 


< 
3 
° 
> 
> 
= 
a 
= 
~ 
E 
=} 
= 
E 
= 
3 
N 
a 
< 


Interval 


‘terminations 
in 


61 de 
probability 


vations 
group 
+p 


* Normal 


magnesium ; 


Group 
Normal 


oer 
& 
a ho 
bo 
PrP vis > & 
> 
b&b 
« 
tio 
= 
oa S 
eet 
nooo 
no 
— 
« 
As 
a---- | 


Kari HaLsE AND WEIERT VELLE 


TABLE 3—Elevated Blood Acetone in 3 Cows Before or After 


Blood 
acetone 


Cow 
(No.) Date 
1953 
Jan, 20 
Jan. 22 
Jan 
1956 
May 3 
May 7 
May 11 
1956 
May 13 
May 15 


It has been observed here that two days’ 
starvation of apparently normal cows is 
often accompanied by hypocalcemia.” The 
average serum calcium level has _ been 
found to be 8.30 mg./100 ml. in animals 
fasted for 48 hours. 

In ketosis, the degree of anorexia will 
vary from slight to total. If the starvation 
hypothesis is insufficient to explain the 
strong acetonemia in this disease, there is 
a possibility that the tendency toward re- 
duction of blood calcium is due to starva- 
tion. The significant correlation found be- 
tween acetone and calcium would agree 
with such a hypothesis, if the disposition 
to anorexia increases with increased 
tone concentration in the blood. 

Unfortunately, exact information about 
the feed intake of our animals is not avail- 
able. It seems, however, possible to derive 
some indirect support for the starvation 
hypothesis from the figures in table 3. 
When clinical signs of ketosis are absent 
(while the feed intake is near normal), 
serum calcium remains unaffected in spite 
of the acetonemia. During a 48-hour fast, 
however, serum calcium may be depressed 
significantly, while blood acetone remains 
nearly unchanged. 

Messervy }* describes 1 case which, ap- 
parently, is identical with the 2 cows listed 
last in table 3. Calcium and magnesium 
in blood serum were stated to be normal in 
several cows with ‘‘seasonal acetonemia 
without clinical symptoms’’ studied by 
Eden and Green.® 

Hunger must necessarily lead to a nega- 
tive calcium balance, and it must be taken 


ace- 


Serum 
calcium 


10.05 
9.10 
26 10.55 


REs. 


VET 


1958 
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Period of Clinical Ketosis 


Feed 
intake 


Serum Clinical 


magnesium signs 

None Normal 
Marked ( 
None 


eased 


Normal 


Reduced 
Normal 
Normal 


Marked 
None 
None 


Reduced 
Normal 


Marked 
Slight 


into account that the elimination of acid 
equivalents with the urine in ketotic cows 
may lead to a further deterioration of the 
balance for this element. Sjollema '* stated 
that both the and the caleium 
content in the urine are increased in elini- 
High calcium concentra- 


ammonia 


acetonemia. 
the 
have 


eal 
urine of some animals with 
found Hallgren.® 


tions in 


ketosis been by 


Thus, there is good reason to assume that 


the calcium regulation is under stress in 
with ketosis. 

In accordance with Alleroft, a blood 
sugar level above the normal range for 
cows was found in most of the strongly 
hypocaleemic animals (table 4). A transi- 
tion in the direction of hypoglycemia to 
hyperglycemia has been observed simul- 
taneously with the appearance of nervous 
signs in fasted cows with depressed serum 
calcium (Halse’’). In 3 ketotie animals 
studied by Breirem et al.,*;* urine acetone 
fell from about 1,000 mg. to 50 mg./100 
ml. concurrently with the appearance of 
pronounced hypocalcemia and hypomag- 
nesemia with tetany and paresis. When 
the calcium came to an end, urine 
acetone returned to the original level (760 
mg./100 ml.) in 1 of the animals. 

This evidence indicates some association 
between hypocalcemia hypo- 
magnesemia or both) and antiketogenesis 
in Therefore, the simple negative 
correlation found between calcium and ace- 
(table ] ean be expected to 
animals with uncomplicated 


COWS 


crisis 
severe or 
COWS. 
tone bodies 


valid for 
ketosis only. 


be 


TABLE 4—Blood Analyses for Cows with Hypocalcemic and Hypomagnesemic Tetany or 
Paresis 


Serum magnesium 
(mg./100 


Serum calcium 
(mg./100 ml.) 


No 
cows 


‘ 


g* 5.58 + 0.91 0.86 + 0.2 


* 7 cows with tetany and 1 with paresis; ¢ 


(mg. 


Blood sugar Days postpartum 


100 ml.) 


Blood acetone 


100 ml.) (mg (mean) 


84.2 + 34.4 31 


* mean and standard deviation 


578 
F 
53.3 8.25 2.00 
9.50 
38.5 9.45 1.60 
29.5 9.85 3.20 
6.58 + 5.21 
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SUMMARY 


1) In ketotie cows with concentrations 
of total acetone bodies in whole blood above 
45 to 50 mg./100 ml. a statistically sig- 
nificant depression of blood calcium has 
been found. 

2) The lowering of blood calcium in 
cows with ketosis is apparently secondary 
and due to reduced feed intake. A hypo- 
calcemia of the same degree as in ketosis 
has been observed in cows fasted 48 hours. 

3) Some degree of incompatibility may 
exist between a strong acetonemia and te- 
tanic levels of serum calcium. 
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Renal Function Studies on Normal Dairy Cattle and 
Those with Postparturient Albuminuria 


A. F. SELLERS, V.M.D., M.Sc., Ph.D.; W. R. PRITCHARD, D.V.M., Ph.D.; 


A. F. WEBER, D.V.M., Ph.D.; J. H. SAUTTER, D.V.M., Ph.D. 


St. Paul, Minnesota 


ATYPICAL PARESIS in dairy cattle at or near 
the time of parturition has been reported 
from several BAS, 
present studies on normal cattle and on a 
small series of selected cows with paresis 
were undertaken in an attempt to define 
further the changes incident to parturition 
in this species.?* 25 26 


sources. 


MATERIALS AND METHODS 


Twenty-two Holstein-Friesian calves, heifers, 
and cows (table 1) were studied, including 5 cows 
with atypical Only the pathological 
changes were studied in an additional animal with 
atypical paresis. 

Renal clearances*’* of inulin, endogenous 
creatinine, p-amino hippuric acid, potassium and 
magnesium, and tubular excretory maxima of 
p-amino hippuric acid, were determined. Inulin 
was determined by the method of Roe et al.,™ 
except that deproteinization of the plasma and 
decolorization of the urine, as well as deproteini- 
zation of the urine if protein was present, was 
earried out by use of the Cd(OH)> precipitation 
method of Fujita and Iwatake,® rather than by 
the Somogyi method used by Roe et al.™ 

Creatinine was determined by the method of 
Hare,“ plasma magnesium by the method of 
Heagy,” and urine magnesium by the method of 
Pieters et al.” Plasma and urine potassium were 
determined as previously 


paresis. 


described.” Sodium 
p-amino hippurate, added to whole heparinized 
bovine blood in vitro, or injected intravenously, 
was not detectable in centrifuged and subsequently 
hemolyzed erythrocytes in amounts greater than 
the error of the method. The extraction ratio 
("paAnH) was determined in 2 calves and 1 cow 
using a modification of the London cannula tech 
nique previously described.” 

Determinations of total serum ealcium,® inor- 
ganic phosphate,’ glucose,* plasma protein,“ cho- 
lesterol,’ ascorbic acid,” and sodium™ were also 
performed on the cows with paresis, as were eryth- 
rocyte, leukocyte, and differential counts and 
hemoglobin determinations. Adrenal gland fixa- 
tion, staining, and study were as previously de- 

From the College of Veterinary Medicine, 
of Minnesota, St. Paul. Dr. Pritchard is now 
University of Florida, Gainesville. 

This work was made possible through a 
the U.S. Public Health Service. 


University 
with the 


grant from 


scribed.” Blood pressure and electrocardiographie 


recordings were made as previously deseribed.”™ 


EXPERIMENTAL PROCEDURI 


For renal clearance studies, animals were water- 
loaded, as previously described, approximately one 
hour before the experiment.” Withholding feed 
was not practiced, neither practical nor 
theoretical justified a belief that 
it would a postabsorptive state. Test sub- 
stances, pyrogen-free, 0.85 per cent 
NaCl solution, were injected at a constant rate 
into the jugular vein, using a mereury pump and 
a long venous catheter.’ Blood samples were with- 
drawn through a venous catheter from the jugular 
vein of the opposite side, the catheter tip being 
directed toward the head to prevent admixture 
with blood which had not made one circulation. 
A soft rubber catheter secured to webbing straps 
was used to collect urine. 


since 
considerations 
cause 
dissolved in 


Renal clearance periods ranged from 15 to 30 
minutes, depending on the rate of urine flow. 
Two preinjection endogenous clearance periods 
(creatinine, K, Mg), three combined clearance 
periods, and three tubular maximum periods were 
run successively. Sterile distilled water (50 ml.) 
was used to flush the bladder at the end of each 
clearance period. Clearance calculations were 
made on a body surface basis, using the data of 
Brody * for Holstein-Friesian cattle. 

Adrenal cortical function tests conducted 
by the method of Thorn,” using 7 to 10 ml. of a 
1:1,000 dilution of epinephrine in 500 ml. of 
pyrogen-free saline solution, given for one to two 
hours by intravenous drip, or 600 units of adreno- 
corticotrophin (Armour) in 500 ml. of pyrogen- 
free saline solution, given over four hours by 
intravenous drip. Blood samples were taken by 
intravenous catheter beginning the injee- 
tion, and at four, six, and eight hours thereafter. 
Criteria used for evaluation of these were 
the changes with time in the concentrations of 
blood glucose, and 
eosinophils. 


were 


before 
tests 


aseorbie acid, cholesterol, 
with 
deseribed previously.“ Arbi- 
trarily excluded from this study were cows with 
parturient paresis, obturator paralysis, septic me- 
tritis, septic mastitis, traumatic gastritis, frae- 
tures, dislocations or other injuries, lymphoblasto- 
The 6 cows 
Holsteins, 5 to 9 years old 


used for selection of the 


have 


Criteria cows 


paresis been 


matosis, ketosis, and pyelonephritis. 


studied were grade 
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and supposedly good producers, in reasonably well- 
managed herds. 
ketosis, dystocia, mastitis, or other serious illness 
was elicited. At the reported parturition, normal 
viable calves were born without assistance, and the 
fetal membranes had been expelled promptly. All 
animals were seen to be up after calving. They 
became recumbent one to two days after calving, 
were treated three to four times by local veteri 
narians for parturient paresis, and were received 
at the Veterinary Clinic 
parturition. 


No history of parturient paresis, 


seven to 21 days after 


RESULTS 


The renal function results are sum- 
marized (table 1). Ranges and means 
are given; adequate analysis, statistically, 
was precluded by the small number of 
animals in a given series. The general 
magnitudes of the several measured param- 
eters of renal function in this species will 
be seen to differ from most other species so 
far studied.** The endogenous creatinine: 
inulin clearance ratios appeared close to 
unity in simultaneous clearances in 11 
animals. In additicn, 2 calves injected 
with creatinine-inu'in mixtures showed 
exogenous creatinine:inulin clearance 
ratios of 1.06 and 1.05 at blood creatinine 
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levels of 7.9 to 29.0 mg./100 ce. The creati- 
nine clearance values appeared independ- 
ent of blood creatinine concentration over 
the concentration range used. The endoge- 
nous creatinine clearance would appear to 
be a valid measure of the glomerular filtra- 
tion rate in this species, assuming the 
validity of inulin in this regard. The po- 
tassium and magnesium clearances did not 
approach the inulin and creatinine clear- 
ances in magnitude. In the paretic ani- 
mals, the effective renal plasma flow tended 
to be somewhat reduced, the ‘‘ filtration 
fraction’’ (CCr/“PAH) increased, and the 
‘‘nerfusion fraction’? (CPAH/Tm), te., 
the amount of plasma supplied to the fune- 
tional tubules, decreased compared with 
the normal animals (table 1). 
Clinically, the paretic cows were 
erally weak and recumbent, making fre- 
quent attempts to rise. They were only 
partially able to stand on the front legs, 
and had no apparent ability to use the 
hind They were bright, alert, and 
presented no evidence of hypnosis or tet- 
any. Muscle spasms of a minor nature 
were occasionally observed in 1 animal. 
All animals retained good appetites, rumen 


gen- 


legs. 


TABLE 1—Summary of Renal Function Data on Normal and Paretic Dairy Cattle 


No. of 


animals Category ©PAH 
3 Calves 

(1-2 weeks; 

milk ) * 


Calves 
(6-10 weeks; 
mixed ) * 


Heifers 
(1%-2% yr.: 
nonpregnant, 
nonlactating ) 

Cows ** 
(prepartum, 
nonlactating) 


Cows 
(7-14 days 
postpartum ) 


Cows 
(7-21 days 
postpartum ; 
paresis- 
albuminuria) 
* Calf diets: milk = diet largely milk, and 
** Prepartum values corrected for weight of calf; 
©In = inulin clearance; ©Cr = creatinine 
clearance; T™PAH =tubular maximum, sodium 
p-amino hippurate; ©K = potassium clearance; 


T™PAH Cr/“PAH 


mixed 


©PAH/Tm °Cr/Tm 


.21- 
27 


26 
0.34 


0.30 


=diet largely hay and grain; ¢2 animals only; 


t1 animal only. 
clearance, 
p-amino 
= magnesium 


endogenous ; 
hippurate ; 


©PAH = sodium p-amino 
EPAH = extraction 
clearance ; 


hippurate 
ratio, sodium 
clearances = milliliters per 


minute per square meter of body surface; tubular maxima = milligrams per minute per square meter of 


body surface. Mean values are underlined. 


‘a 
0 
112 129 541 0.24 
139 160 720 0.22 0.887 
186 227 909 0.25 0.97 
169 179 779 0.23 0.93 
4 142 156 701 ; 0.18 
216 217 1,108 0.22 
151 189 887 0.20 
6 171 763 123- 0.19— 44 1.0 45 18 
237 1,220 174 0.23 7.7 1.6 88 31 
191 892 150 0.21 5.9 1.3 65 25 
6 140 672 159 0.18 4.5 0.9 41 14 
240 1,308 178 0.22 7.1 1.6 95 23 
191 975 153 0.20 5.7 1.2 64 19 
5 180 a 2.2 0.7 21- 6.3 
289 4.4 1.2 81 26 
221 | 3.5 1.0 O.82t 54 17 
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movements, and fecal elimination. They 
continued to produce a little milk despite 
their recumbent They had oe- 
casional slight increases in rectal tempera- 
ture but, in general, had normal tempera- 
tures. The pulses were fast and weak; 
respiratory rates were occasionally some- 
what accelerated. No other signs of disease 
were noticed. Decubitus was minimized by 
the use of a special mat,* heavy bedding, 
frequent turning, and grooming. The urine 
showed a strong ‘‘albumin”’ reaction with 
granular and cellular casts in the sediment. 
Negative or trace reactions for ketones 
were seen. No marked or consistent changes 
were seen in the number and type of eryth- 
rocytes and leukocytes, in the hematocrit, 
in the concentrations of hemoglobin, total 


positions. 


Armorite, B. F 
inch thick 


Goodrich ., 11 feet, 


PRITCHARD— 
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ratio, 
total 
sodium, 
acid, or 
electro- 


plasma protein, albumin: globulin 
urea nitrogen, creatinine, 
calcium, magnesium, potassium, 
inorganic phosphate, 
cholesterol. Blood pressure 
cardiographic studies showed low mean 
arterial pressures of 90 to 115 mm. Hg 
(normal postparturient dairy cows, 127- 
144 mm. Hg, mean *‘), low pulse pressures 
of 15 to 40 mm. Hg (normal, 38-63 mm. 
Hg ~‘), fast heart rates of 90 to 175, and 
wide notched P waves in the electroeardio- 
gram. There was marked atrial fibrillation 
in 3 cows. 


olucose, 


ascorbic 


and 


Responses to epinephrine or adrenocorti- 
cotrophic hormone (ACTH) injections were 


not obviously changed as compared with 
the normal postparturient cows. 


Criteria 
used were the rates and degrees of change 
in the number of circulating eosinophils, 


Fig. 1—Oil red O-stained 
adrenal sections of post- 
partum control cows (355 
and E-35) and paretic 
cows (E-80 and A-1528). 
Notice that both groups 
showed increased cortical 
lipids, with some pre- 
dominance in the paretic 
cows. The figure illus- 
trates the variation seen 
in amount and distribu- 
tion of lipid material in 


both groups. x 12. 
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plasma ascorbic acid and cholesterol, and 
blood vlucose, 

Necropsy of 
evidence of fractures, damage to spinal 
cord, traumati¢ gastritis, mastitis, metritis, 
pyelonephritis, lymphoblastomatosis, or 
femoral The hearts 
of 5 of the 6 cows were dilated, flabby, and 
thin-walled, and the livers showed slight 
to moderate fatty degeneration. The kid- 
neys were sterile on culture (aerobic, blood 
agar) and were essentially normal, grossly. 
The adrenals were enlarged. The ‘‘adrenal 
fraction’? (Gm./sq. meter of body surface 
area) averaged 10.6, as compared with 6.6 
in normal postparturient cows. In the nor- 


the paretic cows gave no 


abscesses in muscles, 


RENAL STUDIES ON CaATTLI 


mal animals, the adrenal weights varied 
from 14 to 17 Gm., as compared with 22 to 
31 Gm. in the cows with paresis. 
Histologically, the kidneys showed less 
cellularity in the glomeruli, and swelling 
and granularity of the tubular epithelium, 
in the animals with paresis than in the 
normal animals. Epithelial cells 
found free in the lumina of the tubules 
and casts were seen in the lower parts of 
the The adrenals of the paretic 


were 


tubules. 


cows showed hypertrophy of zona fascicu- 


lata cells with no increase in size of the 


zona The 
fringent material and fat were comparable 


glomerulosa. amounts of bire- 


Fig. 2—Sections of adrenal glands of a normal postpartum control cow (355, left) and a 
paretic cow (1556, right). The figures show comparable increases in birefringent material 


located, primarily, in the zonae glomerulosae. 


C= capsule; G= glomerulosa; f = zona 


fasciculata. x 350. 
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in both the normal postparturient and the 
paretic cows (fig. 1, 2). 


DISCUSSION 


The present study is limited in extent, 
both in regard to normal and abnormal 
animals. It would be the authors’ impres- 
sion that the study of the paretic animals 
may serve to indicate what the condition 
is not, rather than what it is. However, in 
view of the history and clinical signs, the 
reduced blood the tendency to- 
ward reduced effective renal plasma flow, 
eardiae dilatation, and general parenchym- 
atous organ change, a working hypothesis 
that a circulatory crisis occurring near the 
time of parturition is the precipitating 


event is suggested. 


pressure, 


SUMMARY 


1) A limited study of renal function in 
normal dairy animals and cows with atypi- 
cal paresis is reported. 

2) In the paretie animals, the effective 
renal plasma flow and ‘‘perfusion frac- 
tion’’ tended to be reduced and the ‘‘fil- 
tration fraction’’ increased, as compared 
with the normal postparturient animals. 

3) The paretic animals had low mean 
blood pressures, low pulse pressures and, 
in some eases, atrial fibrillation and cardiac 
dilatation. 

4) Of the examinations and analyses 
performed, no biochemical changes or 
changes in the blood cells were found in 
the paretiec animals, as compared with the 
normal postparturient cows. The adrenal 
responses to injected adrenocorticotrophin 
and the appearance of the adrenals, cyto- 
logically, were similar in the control and 
paretie animals. 
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Effects of Diethylstilbestrol Feeding on the 
Bovine Reproductive Tract 
H. W. REUBER, D.V.M. 


Ames, Iowa 


SINCE THE SYNTHESIS of diethylstilbestrol 
(hereafter called stilbestrol) about 20 years 
ago, it has been widely used in veterinary 
medicine for estrogen therapy. Stilbestrol 
is preferred over natural estrogens because 
it is inexpensive and effective orally as well 
as parenterally. Current interest in the 
body intake of estrogenic substances is due 
to several events. More than 10 years ago, 
stilbestrol implants were found to increase 
the efficiency of meat production in fatten- 
ing cockerels. Later, the marked effects of 
Australian clover on grazing sheep ®* star- 
tled animal nutritionists. Many investiga- 
tions were made on the effects of prolonged 
low levels of estrogen within the animal 
body and, in 1954, the Federal Food and 
Drug Administration authorized the inclu- 
sion of stilbestrol in cattle feeds. 

Following the reports in scientific litera- 
ture and farm journals that stilbestrol feed- 
ing increases weight gains and feed effi- 
ciency in fattening cattle, usage steadily 
increased until the present time, when an 
estimated 70 per cent of all feedlot cattle 
in the United States are being given stil- 
bestrol. Little is known about the metab- 
olism and elimination of the hormone or 
about its effects on the reproductive organs 
when used in bovine nutrition. 

In this investigation, yearling heifers, 
heifer calves, and bull calves were fed stil- 
bestrol to study its effects on reproduction. 


REVIEW OF LITERATURE 

Burroughs et al.,° Breidenstein et al.,/ Reynolds 
et al.” and Andrews et al. observed that the feed- 
ing of stilbestrol to fattening heifers created no 
serious management problems. The favorable ef- 
fects were similar, though less marked, to those 
observed in steers. This difference in response 
between heifers and steers is not surprising when 
it is considered that heifers on feed gain more 
slowly, have a lower feed efficiency, and usually 
sell for less than steers when finished. The natural 
female hormone, estradiol, circulating through the 


From a thesis submitted, in 1957, to Iowa State Col- 
lege, Ames, in partial fulfillment of the requirements for 


the Ph.D. 
State University, 
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Stillwater. 
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Association 
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Medical 


female body may be responsible for the lowe 
response observed with heifers. 

Stilbestrol in large doses can 
mania, follicular cysts, high tailheads, and even 
abortion. Fearing similar results from 
amounts of the hormone in the feed, ruminant 
nutritionists have been cautious in advocating its 
use in the rations of female animals. This caution 
is also based on the problems presented by ewes 
in Australia, where plant estrogens brought about 
extensive genital development and adversely af 
fected reproduction.* The rams were not affected, 
although they were pastured with the ewes. The 
estrogens in Australian clover were potent enough 
to prevent atrophy of the uterus. Also, the atrophic 
uterus was restored to its normal state in spayed 
ewes fed the green forage.* Alfalfa, clover, wheat, 
oats, soybean oil meal, corn silage, and legume 
silage are some of the common animal feeds in 
which estrogenic activity has been detected.” 
Assays have shown that plant estrogens tend to 
increase with the age of the plant and to decrease 
when soil is fertilized. American pastures have 
not been found high enough in estrogenic material 
to cause any harmful signs in farm animals. It 
that milk production and repro 
ductive efficiency may vary directly with the estro- 
gens in the forage and grain. Brockert and John 
son® fed 2 mg. of stilbestrol per 100 lb. of live 
weight to heifers daily for 90 days without ad 
verse effects on the reproductive organs. 

The fate of stilbestrol in the body is largely 
unknown and appears to vary in different species. 
The elimination of this substance is of interest 
where swine depend on cattle droppings for part 
of their diet. The estrogenic content of moldy 
grain consumed by swine has caused objectionable 
stimulation of the reproductive organs in young 
gilts, and preputial swelling and 
velopment in ° Apparently, the estro 
genic content of droppings from cattle on stil 
bestrol feed is not high enough to cause these 
conditions in swine,”™ although there have been 
field reports of mild forms of such genital dis 
orders.* 

Stob™ found that 
gen in the feces when they are given stilbestrol, 
but he did not assay the amount quantitatively. 
Ordinarily, feeder cattle do not give off estrogens 
in detectable amounts because natural estrogens 
are rapidly destroyed by the liver and eliminated 
in the bile. An excellent review of the literature 
on the excretion of synthetic estrogens has been 
presented by Story et al.,” who found that lambs 
excrete 51 per cent of the oral intake of stilbestrol 


in the feces, and 25 per cent of it in the urine. 


cause nympho 


small 


is conceivable 


mammary de 
barrows." 


eattle eliminate more estro 
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These workers postulated that the remaining 24 


per cent was not stored in the body, but was 


degraded by rumen microorganisms and by meta 
bolic processes after absorption. 


Since bulls are not of major importance as a 
source of meat, little experimental work has been 
done with the addition of stilbestrol to their ra 
tions. While bulls make more rapid and economi 
fattened in a 
steers or heifers, they sell for a lower price per 
hundredweight marketed.” The 
mones produced by bulls seem to stimulate body 
As the chemistry of both 


androgens is 


eal gains when drylot than either 


when male hor 
growth and weight gain. 
and 
in which gains are stimulated by the two hormones 


estrogens similar, the manner 


also may be similar. Several experiments on the 
implantation of young bulls with stilbestrol have 
been carried out at the Ohio Agricultural Experi 
ment Station." Stilbestrol administration boosted 
weight gains but did not noticeably affect feedlot 
behavior. The implantations retarded sexual de 
velopment and raised carcass grades. The treated 
bulls did not develop as heavy crests, as mascu 

Elevated tailheads 
present to a_ slight 


line heads, or as large testes. 
and teat development 


degree. 


were 


High levels of estrogens within the male body 
retard testicular development and spermatogene 
sis." The use of low levels of 
fitting bulls to show or to sell as 
been investigated. 


sii.bestrol for 


sires has not 


F.XPERIMENTS AND RESULTS 


Three experiments were conducted in 
which different amounts of stilbestrol were 
fed daily to beef cattle. The animals used 
in each study were uniform in type and 


size. 


EXPERIMENT 1 


Stilbestrol was fed to yearling heifers 


the reproductive 
and to measure 
elimination of 


effects on 
puberty, 
the fecal 


to study its 
organs after 
quantitatively 
estrogens. 

Hereford South Dakota 
range were placed at three lots of 6 
animals They had 
no genital abnormalities detectable by rectal pal 
The only difference in treatment was the 
(table 1) 


heifers (18) from a 
random in 
each, were not pregnant and 


pation. 
amount of stilbestrol given to each lot 


TABLE i—Data from the Heifers for the First 
148 Days 


Item Lot 1 Lot 2 Lot 3 
No. heifers/lot 

Mg. stilbestrol fed/heifer/day 

Av. initial weight (lb.) 

Avy. gain/heifer/day (1b.) 

Lb. feed consumed /100 Ib. gain 
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full-fed a ration for 148 
days, the 3 heaviest heifers in each lot were slaugh 
tered and the remaining 3 
fertile bull to determine their ability to conceive. 
The 9 heifers turned with the bull were then full 
fed a stilbestrol for 91 
days, after which they Rate of 


After being fattening 


were turned with a 


fattening ration without 


were slaughtered. 

gain and feed efficiency were determined. 

The technique used to measure feeal elimination 
from the heifers 
Preston et al.” for 

residues in the 


of estrogen was similar to the 
method of determining the 
estrogenic beef cattle. 
Sixty days after the beginning of the experiment, 
from the reetum 
of each heifer and assayed by the mouse uterine 


tissues of 
some feces were taken manually 
weight technique. 

As shown (table 1), the heifers fed stil- 
bestrol gained faster and more efficiently 
than those given no stilbestrol. However, 
from the 148th to the 239th day of the 
experiment, when no stilbestrol was fed, 
the animals given the hormone initially 
gained less than the control animals (table 
2). The favorable stimulation from. stil- 


TABLE 2—Data from the Heifers on Feed for 
239 Days 


Item Lot 1 Lot 2 


No. heifers/lot 

Mg. stilbestrol fed 
from 0 to 148 days 

Mg. stilbestrol fed 
after 148 days 

Lb. gain/heifer/day 
from 0 to 148 days 

Lb. gain/heifer/day 
from 148 to 239 days 

Lb. gain/heifer/day, 
from 0 to 239 days 


bestrol was followed by a depression of 
gains when stilbestrol feeding was discon- 
tinued. 

The calculated estrogenic substance per 
gram of heifer The 
daily feed consumption per heifer when 
the fecal samples were taken was 24 Ib. 
As the feed was calculated to be 61.9 per 
cent digestible,'® 9.14 lb. of feces were ex- 
creted by each heifer daily. Assuming that 
the excreted fecal estrogenic activity was 
due to stilbestrol, the heifers in lot 2 ex- 
creted 43.8 per cent of the stilbestrol con- 
sumed. The heifers in lot 3 eliminated an 
estimated 42.5 per cent of their stilbestrol 
intake in the droppings. 


feces was 1.056 peg. 


Examination and rectal palpation of the 
genital organs of the heifers revealed no 
abnormalities, 


such as cystic ovaries or 


3 
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hypertrophied genitalia. Excessive riding, 
vaginal prolapse, and swollen mammae 
were not noticeable. The heifers were 
checked for estrus every eight hours by 
being placed with vasectomized _ bulls. 
Checking the heifers every 12 hours was 
unsatisfactory; apparently, many heat 
periods were shorter than this. Even when 
checked every eight hours, sexual 
periods were not detected because of the 
short periods during which service by the 
male was accepted, or because of tem- 
porarily inactive ovaries. The incidence of 
mating was 40 per cent higher in the morn- 
ing and late evening than in the afternoon. 
This behavior points to the early forenoon 
and late evening as the most probable time 
for the detection of estrus in lowa cattle. 
There was no difference between lots in the 
frequency or duration of estrus. 

The 9 bred heifers were slaughtered as 
soon as a tentative diagnosis of pregnancy 
could be made in all of them by rectal 
palpation. Carcass examinations at the end 
of the experiment (239 days) confirmed 
pregnancy in all 9, ranging from 23 to 60 
Each uterus 
normal embryo. 


some 


days. contained a_ grossly 


EXPERIMENT 2 


Feed containing stilbestrol was individ- 
ually fed to heifer calves to study any 
abnormality in genital development and 
body growth attributable to this treatment. 

Native Iowa heifers (24) 
dom to three groups of 8 
months old had not 


were allotted at ran 
They 
signs of 
and 10 mg. of 

diet for five 
"“e three groups were run together in a 
about 1.5 
individual 


animals each. 


and shown 
The groups were fed 0, 5, 


growing-fattening 


were 7 
estrus. 
stilbestrol in a 
months. 
except for hours twice a day, 
when they feed 
Each manger had a hopper above it which held a 
three-day The quantity eaten by 
each heifer was caleulated from the feed put into 
minus that which 
because it was unpalatable. 
difference in treatment of groups 
amount of stilbestrol fed. 
days after the 
length of 
vasectomized 


drylot 
were tied to mangers. 
supply of feed. 


disearded at 
The 


was in the 


her hopper was 


intervals only 


Sixty-six calves 
feed, the 
determined by 


the heifers at 


were put on 
estrus 


bull 


frequency and 
turning a 
12-hour intervals. 


were 
with 


As the feed consumption of the experi- 
mental heifers was low (about 14 Ib. /heif- 
er/day), the daily gains (1.7 Ib./heifer 
day) also were low. Stilbestrol had no 
marked effect on feedlot performances. 


EFFECTS OF STILBESTROL ON CALVES 


Over twice as many heat periods were 
recorded in the stilbestrol-treated heifers 
as in the control heifers. Also, the heat 
periods seemed to be longer and more pro- 
nounced in the treated heifers. However, 
vulvar size, teat and udder development, 
and height of tailhead, which were care- 
fully observed and tabulated at intervals, 
were not noticeably different in the three 
groups of heifers. Vaginal prolapse, ex- 
cessive sexual activity, and unusual feedlot 
behavior were not seen. 

EXPERIMENT 3 

Stilbestrol was fed to bull calves to study 
its effects on genital development. 

Native bulls (21 
allotted at three 
They were fed and managed in the same way as 
The treatments were 


were 


old, 
groups of 7 


lowa , 7 months 


random to each. 
the heifers in experiment 2. 
0, 5, and 10 mg. of stilbestrol per ealf daily. 

The development of the bulls 
termined measuring 


sexual was de 
from semen samples and by 
electro 


Semen collected by 


multipolar 


testicular size. was 


ejaculation, using a probe to convey 


the electric stimuli into the rectum. 
electrodes were used on bulls that objected to the 


Single finger 
use of the probe. Dislike for the probe was evi 


denced by extreme restlessness, bellowing, and 
lying down when an electric stimulus was applied. 
The fastened to two 
adjacent hand, after 
the hand bull’s reetum. 
Small, applied until the 
penis was protruded about 6 inches. The electric 
current was then increased in intensity until som« 
fluid expelled, 


artificial vagina was put over the protruding penis 


finger electrodes non 


fingers of a 


were 
gloved which 
into the 


were 


was inserted 


frequent stimuli 


urine and seminal were when an 
to colleet the semen. 


Semen samples were evaluated according to 
motility, volume, concentration, color, opacity, pH, 
morphology, and miscellaneous material. Tes 


ticular volume was calculated from dimensions of 
the testicles in situ. 

The average gain (2.2 lb./day) and feed 
consumption (17 lb./day) for the 700-lb. 
bulls was poor for animals on fattening 
rations. Mild bloating was a common oce- 
currence. Stilbestrol had no marked effect 
on feedlot performance in the individually 
fed bull calves. 


The semen from these young bulls was 
less concentrated and contained more pro- 
toplasmic droplets and epithelial cells than 


normal bovine The tendeney to- 
ward alkalinity, as measured with short- 
range indicator paper, denoted semen con- 
taining much accessory gland fluid, a trait 
of samples collected by 


semen. 


electroejacula- 
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tion.*!:** Volume and density varied widely 
within the different groups of bulls. All of 
the bulls in this experiment ejaculated 
semen containing spermatozoa, and showed 
no behavior indicative of infertility. 

Testicular examination, which included 
size, form, consistency, and sensitivity, re- 
vealed no marked abnormalities. All testes 
were of the conventional ovoid form and 
of a turgid, elastic consistency. A statis- 
tical analysis of the estimated testicular 
volumes signified that the stilbestrol treat- 
ment had little effect on testicular size 
(treatment effect was not significant), 
either before or after adjustment was made 
for body weight. 

Differences in feedlot behavior and body 
conformation in the bulls fed different 
amounts of stilbestrol were not noticeable. 


DISCUSSION AND CONCLUSIONS 


Body estrogens may come (1) from the 
ovary, placenta, adrenal cortex, testis and, 
possibly, other glands, (2) from plants 
which are eaten, and (3) from synthetic 
products, such as stilbestrol, administered 
orally or parenterally. Synthetic estrogen 


may be given to an animal believed to be 


deficient in the hormone. The over-all ef- 
fects of stilbestrol are worthy of consider- 
ation because of the widespread use of the 
hormone in animal nutrition and because 
such information is necessary to determine 
when and how it should be used for maxi- 
mum benefits. 

Since the yearling heifers (exper. 1] 
responded only as long as stilbestrol was 
fed, it would seem that if stilbestrol is used 
for part of a feeding period and then dis- 
continued, the advantages in gain and feed 
efficiency will be lost. Once initiated, the 
feeding of stilbestrol should be continued 
until the cattle are slaughtered. Giving 
stilbestrol to young cattle which are to be 
kept for breeding stock would be unprofit- 
able because of the depression of gains in 
body weight when hormone therapy is dis- 
continued. 

The feces assayed for estrogenic activity 
in this investigation revealed that over 40 
per cent of the stilbestrol added to the feed 
was excreted in the feces. These results 
differ somewhat from those of other work- 
ers. It is not known whether the differ- 
ences in values reported for excreted stil- 
bestrol are due to errors in assay methods 
or to variations in the percentage of stil- 
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REUBER 
bestrol intake excreted. If the entire estro- 
genic substance found was stilbestrol, and 
if about 25 per cent of this drug is elimi- 
nated in the urine,” then the fate of almost 
one third of the stilbestrol administered 
orally is unexplained. It may be inacti- 
vated by rumen fermentation and body 
metabolism. 

The reported stimulation of female sex 
organs and objectionable behavior of hogs 
following stilbestrol-fed cattle may have 
been due to chance (sampling error) rather 
than to stilbestrol treatment, since such 
conditions have been reported by commer- 
cial feeders and have not been duplicated 
in scientific experiments. 

The results of this study indicate that 
when young heifers are given stilbestrol 
before the age of puberty (approx. 10 
months) their reproductive organs may 
show some stimulation, whereas there are 
no noticeable effects when yearling heifers 
are fattened on feed containiug stilbestrol. 
In both experiments 1 and 2, there were 
wide variations in individual responses to 
treatments, with regard to size of external 
genitalia, teats, udder, and height of tail- 
head; the differences between groups, if 
present, were too small to be measured. 
The feeding of stilbestrol at recommended 
levels to fattening heifers for several 
months should not interfere with reproduc- 
tion if they are taken off feed and kept for 
breeding purposes. 

The bull calves in experiment 3 were 
unusually docile for such animals when 
given a nutritious diet. Tying the bulls 
up twice daily for feeding, and the absence 
of any cows in heat, may have suppressed 
the aggressiveness usually after 
puberty. 

Although stilbestrol did not hinder the 
development and function of the reprodue- 
tive organs in the bull calves, the use of 
the hormone for bulls being fitted to show 
or to sell can not be recommended without 
further study since, in a previous study,™ 
stilbestrol depressed masculine body char- 
acteristics and raised ecareass grade in 
bulls. Stob,?* by limiting the feed of young 
boars following stilbestrol-treated steers, 
encouraged fecal consumption. After four 
months of such treatment, gross and histo- 
logical examination of the boars’ testes re- 
vealed a lack of normal development. 

The individual method of feeding was 
carried out with the bull and heifer calves 
to give all animals, including the timid 


seen 
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ones, opportunity to consume similar 
amounts of feed and stilbestrol. However, 
large varia‘ions in feed censumption re- 
sulted in some variations in stilbestrol in- 
take within a group. The generally low 
feed intake and subsequent low gains in 
these calves were due, in part, to the 
ground hay which caused bloat—not suffi- 
ciently severe to require treatment, but 
severe enough to put some animals tem- 
porarily off feed. The hay was ground in 
an attempt to cut down on the amount 
wasted. 

The individual feeding (exper. 2, 3) 
possibly may have lowered feed consump- 
tion in these cattle by removing competi- 
tion at the trough. Kidwell et al.’° report 
that animals on nutritious rations eat more 
feed with less waste when group fed. The 
length of time the individually fed animals 
have access to feed and the frequency with 
which rejected feed is removed may greatly 
influence their appetite and rate of gain. 
Gerlaugh et al.,® after comparing the per- 
formances of individually fed steers and 
group fed steers, suggested that individual 
feeding be conducted three or four times a 
day, rather than twice a day. 


SUMMARY 


Stilbestrol was fed to yearling heifers, 
heifer calves, and bull calves, primarily to 
study its effects on the reproductive organs. 

Three groups of 6 yearling heifers were 
fed 0, 10, and 20 mg. of stilbestrol per 
animal per day in a fattening ration. Their 
heat periods were recorded. After 148 
days, 3 heifers from each group were 
slaughtered, and the remainder placed 
with a virile bull. When these heifers were 
slaughtered, 91 days later, they all carried 
normal embryos. The stilbestrol had no 


effects on the estrous cycles or on eéon- 
ception. 


Over 40 per cent of the estrogen equiva- 
lent of the stilbestrol added to the diet was 
found in the feces. The quantity of fecal 
estrogen varied directly with the dietary 
estrogen intake. 

Three groups of heifer calves were fed 
0, 5, and 10 mg. of stilbestrol per animal 
per day in a growing-fattening ration. Low 
feed intakes, due in part to individual 
twice daily feeding, resulted in small gains 
in the five-month feeding period. The stil- 
bestrol treatment appeared to hasten and 
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accentuate the onset of puberty; no dele- 
terious side effects were noticed. 

Three groups of bull calves were fed 
and managed similarly to the heifer calves. 
Again, the individual feeding resulted in 
low feed consumption and poor gains. No 
effects attributable to stilbestrol treatment 
were observed in feedlot behavior, 
ticular size, or in fertility as measured by 
semen quality. 


tes- 
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Observations on the Early Development of the Heart in Bovine 
Embryos with Six to Twenty Paired Somites 


MARLENE R. GRIMES, B.S.; J. S. GREENSTEIN, Ph.D.; R. C. FOLEY, Ph.D. 


Amherst, Massachusetts 


EARLY EMBRYONIC MORTALITY is being 
increasingly recognized as an important 
factor in bovine infertility ; 16 21,2 
however, the lack of detailed work on the 
embryology of the cow has seriously ham- 
pered current investigations of the causes 
of this early pregnancy wastage. The 
limited descriptive literature® avail- 
able is partially based on slaughterhouse 
specimens, with little emphasis on the criti- 
cal stages in the development of body form 
or on the establishment of individual organ 
systems. 

Although an extensive literature exists 
relating to the development of the heart 
in a variety of mammalian species, includ- 
ing the sheep’® and pig,'* no similar 
studies have been made of bovine embryos 
of known age. 

METHODS 


MATERIALS AND 


Cows of known breeding history, culled from 
the University herds, bred twice within a 
single heat period and slaughtered at the requisite 
number of days from the last insemination. The 
uteri and the with their 
membranes, washed out physiological 
solution. After they 
were photographed and fixed in a modified Bouin’s 
The embryos were embedded in Tissue 


were 


embryos, 
with 
examination, 


were excised 
were 
saline gross 
solution. 
mat and serially sectioned at 8 or 10 ug. 
Harris’ hematoxylin 
modification of Mallory’s stain. 
this study 


Staining 


was by and eosin or by a 
The specimens in 
included 3 


embryos of 21 days’, and 


3 embryos of days’ gestation. Specimens of 
younger available but 
little definite cardiae development. 

Since the developmental 
can not be determined adequately on the basis of 
age, without knowledge of 
time, the number of paired somites 
The 


insemina- 


20 days and were showed 


progress of embryos 


copulation accurate 
fertilization 
a more reliable measure of age. 
age (days after last 
), and other pertinent information concerning 
(table 1) 

reconstruction 


was used as 
somite numbers, 
tion 
the embryos studied are listed 

A method of was devised to 

Contribution No. 1120 of the University of Massachu- 
setts College of Agriculture Experiment Station, Amherst 
Miss Grimes is now with the Dow Chemical Co., Mid 
land, Mich 

Supported by the 
project NE-1, 
Failures in 
bandry 


regional 

Prevention of Reproductive 
funds from Dairy Hus 
8.D.A., Beltsville, Md. 


Northeast Cooperative 
“Causes and 
Cattle’, and by 


Research Branch, U 


study the structure of the more complex hearts 
Slides were projected onto a ground glass screen 
of as standard photomicrographic 
x 100 magnifications. Sections through the heart 
traced in through the 
tube or notochord were taken as reference 


apparatus at 


were and lines 
neural 
points. The tracings were then mounted on blot 
ting paper, using photographic dry mounting 
tissue; the sections, cavities, and reference 
were cut out, and the tracing paper removed. To 
obtain the desired thickness (tissue sec 
tion in microns x 100), these blotting paper sec 
tions were dipped in melted paraffin and adjusted 
with calipers. While still warm, the sections were 
easily pressed together, using the reference points 
for alignment. The finished model again 
dipped in paraffin to provide added strength and 
a smooth outer surface. 

This simple reconstruction method gave 
models of considerable durability and use 
fulness. Sinee they can be reassembled as often 
as necessary by simply reheating the waxed sur 
faces, they ean be split open at any desired level 
to examine the internal particular 
plane of section without destroying or altering 
the completed model. 


sequence, 


lines 


section 


was 


accu 
rate 


eavities or a 


DESCRIPTIONS OF EMBRYOS 


Embryo NE-72.—This 21-day embryo 
with six pairs of somites is the youngest 
specimen of the series. It has prominen 
neural folds, especially anterior to the so- 
mites, and the septum transversum appears 
as a narrow bridge ventral to the peri- 
cardial cavity. The heart occupies only 
15, 10-~ sections, and is the smallest and 
least developed of those studied. It illus- 
trates clearly the fusion of the endothelial 
tubes to form the rudimentary heart. 

Posterior to the anterior intestinal por- 
tal, the endothelial tubes appear ventro- 
laterally as well-formed vessels, a single 
cell layer in thickness. They are in close 
association with the endoderm and under- 
lie the thickened splanchnic mesoderm 
which will form the epimyocardial mantle 
(fig. 1). 

Immediately 
intestinal 
margins 


anterior 
embryonic 


anterior to the 
portal, the lateral 
have united ventromedially to 
form the floor of the foregut (fig. 2). At 


the same time, the paired endothelial tubes 
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TABLE 1—Ages and Stages of Embryos Studied 


No. days 
after last 
insemination 


Somite 
(No.) 


Specimen 
(No.) 


NE-72 21 


NE 22 Development of 


Neural tube open but beginning to fuse in anterior 


neural 


Stages of development 


somite region. 


folds relatively retarded medullary groove 


broadly open throughout 


NE-1% 2 Neural tube closed from level of anterior intestinal portal to posterior 


somites. 


NE-7 § p Neural tube closed posterior to ventral aortic 


NE-{ 22 Forebrain 


conspicuous and 


roots 
closed throughout 


bulbous; neural tube 


region of differentiated somites. 


Most advanced heart prominence, and neural tube closure 


have been brought together at the midline 
and are fusing. At this level, a marked 
mesenchymal reticulum is found between 
the endothelial and splanchnic mesodermal 
layers. This reticulum is continuous with 
that found in the simple rudimentary 
heart, which has been formed anteriorly by 
the fusion of the lateral endocardial tubes 
(fig. 3). This thick reticulum gives the 
heart the appearance of a rather solid 
structure with no distinguishable internal 
cavity, and seems to serve as a connecting 
layer between the endothelium and the 
epimyocardium. 

In the first several sections through the 
heart, cephalic to the anterior intestinal 
portal, the right and left epimyocardial 
layers have not yet come together ventral 
and dorsal to the heart, so that it is stiil 
broadly attached to the foregut and the 
septum transversum. In the remaining 
anterior sections, however, the ventral 
attachment has completely disappeared 
where the lateral coelomic channels have 
joined to form the pericardial cavity. The 
portion of mesoderm extending ventrally 
from the heart (fig. 3) is the anterior 
extremity of this ventral attachment, 
which never appeared as a true ventral 
mesocardium in any of the sections. 

Embryo NE-81.—Although this speci- 
men is a 22-day embryo, it has only ten 
somites. A neural groove has begun to 
form, but the neural folds are flat in con- 
trast to the high folds seen in the younger 
specimen (NE-72). 

The heart appears in 40, 8-y» sections; 
this increased length results from the fur- 
ther fusion of the endothelial tubes at the 
caudal end of the heart. The endocardial 
and epimyocardial layers are clearly de- 
limited, and the large intervening space 
contains a gelatinous intercellular sub- 
stance with many processes connecting the 


heart beating 


two layers. The dense reticulum noted in 
embryo NE-72 is not present in this speci- 
men or in any of the older ones. 

The anterior portion of the bulboven- 
tricular region has bent slightly dorso- 
caudally upon itself to enter the ventral 
aorta. The most anterior sections of the 
heart, therefore, are seen in this area 
(fig. 4). 

The beginning of the ventricle and the 
dorsal extension of the bulbus where it has 
entered the ventral aortic roots are shown 
(fig. 5, taken somewhat posteriorly). The 
left bulboventricular suleus is deep and 
has begun to bend the ventricle ventrally 
and to the right. As may be seen (fig. 6), 
the atrial region of the heart has not yet 
completely fused. Mesodermal thickenings 
with well-formed endothelial tubes extend 
caudally from the lateral margins of the 
anterior intestinal portal for about 70 x. 

Embryo NE-12.—This embryo with 12 
paired somites has a closed neural tube in 
the somite area and was recovered 21 days 
after insemination. The dorsal mesocar- 
dium has disappeared in the ventricular 
region, so that the ventricle is dilated and 
bent to the right of the midline in a U- 
shaped loop. However, the bulbus and sino- 
atrial region remain attached in a median 
position because of their respective con- 
fluence with the ventral aortic roots and 
vitelline veins. 

Figure 7 is taken through the bulbus 
and ventricle immediately posterior to the 
opening between their cavities where the 
bulbus bends dorsomedially. The closed 
portion of the bulboventricular loop has its 
convexity directed ventrally and to the 
right. At its posterior end, the loop is 
continuous with the left atrial region. As 
it extends caudally, the atrial region ex- 
pands toward the midline, where it is at- 
tached to the septum transversum; a 
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Fig. 1—Transverse section of a six-somite embryo (NE-72), caudad to the anterior intestiral 
portal. Endothelial tubes (e) appear ventrolaterally underlying the splanchnic mesoderm. x 75. 
Fig. 2—Similar section of embryo NE-72, immediately cephalad to anterior intestinal portal, 
indicating the fusion of the endothelial tubes at the midline. x 75. 
Fig. 3—Section through the rudimentary heart of embryo NE-72, showing the formation of 
the pericardium (p) and the mesenchymal reticulum (r) within the heart. x 75. 
Fig. 4—Section through the anterior portion of the heart of a ten-somite embryo (NE-81), 
passing through the bulboventricular region. x 75. 
Fig. 5—Section through the ventricle of embryo NE-81, showing the deep bulboventricular 
sulcus (s). x 75. 
Fig. 6—Section through the paired atria of embryo NE-81, immediately cephalic to the anterior 
intestinal portal. Notice the broadly flattened neural folds (n) in this embryo, in contrast to 
the younger specimen on the left. x 75. 


[ 593 ] 


rey 
Ay 
~ 
3 


Fig. 7—Section of a 12-somite embryo (NE-12), passing through the bulbus and ventricle. 
Notice the degree of neural tube fusion (n) at this level. x 75. 
Fig. 8—Section through the atrial region of embryo NE-12, showing its sieaieaaiiih (a) to the 
septum transversum. x 75. 

Fig. 9—Section through the anterior intestinal portal of embryo NE-12, showing the large 
paired sinoatrial primordia (sa). Notice the over-all developmental progress as compared to 
embryo NE-72 in figure 1. x 75. 

Fig. 10—Section of a 13-somite embryo (NE-71), passing through the bulbus and ventricle. 
Notice the complete closure of the neural tube (n). x 75. 

Fig. 11—Section of embryo NE-71, through the bulboventricular loop and the enlarged atrial 
regions. Notice the well-defined dorsal mesocardium (m). x 75. 

Fig. 12—Section of embryo NE-71, at the level of the posterior sinoatrial region. Notice the 
proliferation of the liver primordium (1). x75. 
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Fig. 13—Section of a 16-somite embryo (NE-91), 
transecting the bulboventricular loop and the left 
atrium. x 75. 

Fig. 14—A more caudal section of embryo NE-91, 
showing the bulbus cordis (b) and the attachment 
of the left atrium to the foregut floor (m). x 75. 


double layer of endocardium appears as a 


division within it, just anterior to the 
anterior intestinal portal (fig. 8). At this 
level, the heart divides into large paired 
sinoatrial primordia, which continue a 
short distance caudally as unfused tubes 
(fig. 9). 

The endocardium of the sinoatrial region 
is closely associated with the epimyocar- 
dium, whereas there is a wide space be- 
tween the two layers in the ventricle. 
Although some protoplasmic strands are 
present in parts of the epimyocardial space, 
there are fewer than in embryo NE-81. 


DEVELOPMENT OF THE HEART IN Bovine Embryos 
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Embryo NE-71.—This 21-day 
has a closed neural tube and 13 paired 
somites. Its general form is similar to that 
described for embryo NE-12, but it is more 
advanced. The heart has grown consider- 
ably, and further differentiation of the 
caudal region has caused it to assume a 
distinct S shape. 

The U-shaped bulboventricular loop, seen 
in embryo NE-12, has increased its con- 
cavity in this specimen because of the 
deepening of the left bulboventricular and 
right atrioventricular sulci (fig. 10, 11 
The closed portion of the loop is more 
caudal, and the bulbus and ventricle are 
in more nearly parallel positions (fig. 10 

In this embryo, the increased fusion of 
the atria and their separation from the 
septum transversum have caused them to 
lie within the pericardial cavity dorsally 
and somewhat to the left of the bulbo- 
ventricular loop, thus giving the heart its 
S-shaped structure (fig. 11). 

The posterior sinoatrial region is trans- 
versely dilated and rests on the septum 
transversum (fig. 12). The endocardial 
septum noticed previously (fig. 8) is also 
present in this embryo, and probably rep- 
resents the area in which the endocardial 
tubes have not yet completely fused. 

Embryo NE-91.—Specimen NE-91 is an 
advanced 22-day embryo with 16 somites. 
The neural tube is nearly closed anteriorly 
and is completely closed posterior to the 
heart level. 


embryo 


median 


Fig. 15—Section of embryo NE-91, through the 
sinoatrial region. Notice the similarity to figure 
12. x 75. 
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Because of the relatively small size of 
the pericardial cavity, the rapidly growing 
heart has been forced into a spiraled S 
shape. Thus, the bulbus and ventricle lie 
parallel and close together (fig. 13). It 
may also be noticed that the bulbus has 
become constricted. In addition, the atria 
have shifted to a more cranial position. 
This is evident (fig. 13), as a single trans- 
verse section passes through the bulbo- 
ventricular loop and the left atrium. The 
continuation of this movement would estab- 
lish the atria cephalic to the ventricle, as 
they appear in the adult. 

Figure 14 (taken slightly posterior to 
fig. 13) shows the bulbus cordis and the 
left atrium which is still attached to the 


foregut floor by the dorsal mesocardium. 
Figure 15 is taken through the posterior 
sinoatrial region at the caudal end of the 
heart and is similar to earlier specimens. 


Embryo NE-13.—This specimen has 20 
paired somites and is the most advanced 
22-day embryo of the series. In many re- 
spects, it resembles embryo NE-91, but was 
sectioned sagittally and, therefore, helps 
to clarify the development of the heart at 
this stage. 

This specimen has a spiraled S-shaped 
heart similar to that seen in embryo NE-91. 
The bulboventricular loop has a more 
caudal and ventral position; at the same 
time, the bilaterally dilated atria have 
shifted to a more dorsal and cephalic posi- 
tion. Posteriorly, the horns of the sinus 
venosus are embedded in the septum trans- 
versim and open dorsally into the atria 

fig. 16, 17). 

As this embryo was sectioned from the 
left side, figure 16 is taken through the left 
atrium, just to the left of the opening into 
the sinus venosus. The atrioventicular 
canal may be seen (fig. 17, taken to the 
left of the midline), and the truncus arteri- 
osus begins to appear where it enters the 
aortie roots. Figure 18 indicates the strue- 
ture of the heart at approximately the mid- 
sagittal level. It passes through all four of 
the heart regions: the dorsocephalice bul- 
bus, the large ventricle, the mid-dorsal 
right atrium, and the dorsocaudal venous 
region. It also shows the relative thickness 
of the walls in the various heart areas. 

The bulbus (fig. 19) bends in a dorsal 
and cephalic direction from the ventricle. 
As it extends anteriorly, it also bends to 
the left, so that the truncus arteriosus 
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opens into the aortic roots at approxi- 
mately the midline (fig. 17, 18). 


DISCUSSION 


In bovine embryos with few somites, the 
separate paired endothelial tubes lie on 
either side of the gut between the endo- 
derm and the overlying thickened splanch- 
nic mesoderm. With the progressive fold- 
ing together of the lateral embryonic 
margins to form the closure of the foregut, 
the tubes are approximated at the midline 
and fuse into a single endothelial tube en- 
closed in the thickened splanchnic meso- 
derm or epimyocardial mantle. This fusion 
begins in the anterior pericardial region 
and progresses caudally to the anterior 
intestinal portal, where the paired tubes 
diverge and continuous with the 
omphalomesenteric veins. 

In a region that has just fused, the 
rudimentary heart is broadly attached to 
the septum transversum and the foregut 
floor. Almost immediately, however, the 
epimyoecardial layers fuse ventrally, and 
the original lateral coelomic channels be- 
confluent to form the pericardial 
cavity. Thus, no true ventral mesocardium 
is found. 

Dorsally, the right and left epimyo- 
cardial layers do not break through im- 
mediately, but form a supporting mem- 
brane (the dorsal mesocardium) which 
attaches the heart in its median position 
ventral to the foregut. 

Upon merging of the heart primordia 
into the simple straight tubular heart, di 
lations and sulci appear, which begin to 
indicate the future bulbar, ventricular, 
and atrial regions. Although the six-somite 
bovine embryo (NE-72) showed early tu- 
bular form, these dilations are evident in 
the ten-somite specimen, and their begin- 
nings would undoubtedly be seen in 
slightly older six- or seven-somite 
specimens. 

In embryos with about nine or ten so- 
mites, the paired halves of both the bulbus 
and the ventricle have completely fused, 
but the paired saclike atria are only begin- 
ning to fuse into a single atrium. At the 
same time, the dorsal mesocardium begins 
to disappear in the ventricular region, leav- 
ing the heart attached at its two extremi- 
ties, the sinus venosus and the truncus 
arteriosus. 

Bending of the cardiac tube first occurs 
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DEVELOPMENT OF THE 
in the ventricular region, since it is no 
longer attached by the mesocardium. The 
deepening of the left bulboventricular and 
the right atrioventricular sulci influences 
this bending, 7.e., in the ten- to 12-somite 
embryos, a U-shaped bulboventricular loop 
is formed, with its convexity directed for- 
ward and to the right. Thus, the adjacent 
regions of the bulbus and the ventricle 
form the two limbs of the loop, the atria 
still being incompletely fused and attached 
to the septum transversum. 

As the atria fuse in the 12- or 13-somite 
embryos, they pull away from the septum 
transversum and come to lie dorsal to the 
bulboventricular loop, which has shifted 
farther caudad and ventrad. Thus, in 
these the heart has assumed a 


specimens, 
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spiraled S shape—the lowest transverse 
portion of the S being the atria and the 
second being the ventricle extending mesi- 
ally to enter the bulbus, the aortic region 
of which forms the third transverse por- 
tion of the S shape. 

This process continues in the 16- and 
20-somite bovine embryos as the enlarging 
atria move farther cephalad and the sinus 
venosus begins to form at the septum 
transversum. 

It should be noticed that the embryonic 
bovine hearts described correspond closely 
to those deseribed for human embryos of 
similar age and somite number.*:® 17-2023 

The myoendocardial space in the bovine 
heart contains gradations of a fibrillated 
network and a homogeneous intercellular 


ig. 16—Sagittal section through the left side of a 20-somite embryo (NE-13), peerene the 


left atrium (la) and sinus venosus (sv). 


x 75. 


ig. 17—A nearly midsagittal section of embryo NE-13, passing through the atrioventricular 


canal and the sinus venosus (sv). 


z 73. 


ig. 18—Section of embryo NE-13, illustrating the internal structures of the bulbus (b), 


ventricle (v), and atrium (a). 


73. 


19—Sagittal section through the right side of embryo NE-13, showing the ventricle (v) 


and the dorsocephalic bend of the bulbus (b). 


x 75. 
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substance similar to that described for 
human embryos by Davis® and _ other 
authors and considered fixation artifacts. 
However, the heart of embryo NE-72, in 
which fusion has just begun, appears to be 
unlike any described by Davis. Between 
the unfused endocardial tubes and the 
overlying splanchnic mesoderm is a thick 
fibrillar reticulum which is continuous 
cephalad with a compact network almost 
completely filling the fused portion of the 
rudimentary heart (fig. 1, 2). This pro- 
nounced reticulum resembles a mesenchy- 
mal network connecting the endocardial 
and epimyocardial layers. 

In the older bovine embryos, the fibrillar 
meshwork becomes less distinct and more 
nearly homogeneous. A correlation was no- 
ticed between decreased reticulation of the 
myoendocardial contents and increased age 
of the embryos. Further, when Davis’ 
photomicrographs were re-examined, it 
was evident that the degrees of fibrillation 
shown also varied with the age of the 
embryo. 

Barry * has described the function of the 
myoendocardial contents, or cardiac jelly, 
of the chicken heart as a mechanism for 


transmitting the myocardial contractions 
to the endocardium during the primitive 


heartbeat. It, therefore, seems likely that 
the pronounced reticulum seen in the 
youngest bovine embryo serves as a con- 
necting layer between the endocardium 
and the epimyocardium during early fu- 
sion; and that, as the rudimentary heart 
established and beating begins, 
this reticulum gradually disappears, leav- 
ing the more homogeneous cardiac jelly to 
serve as the transmission layer Barry 
described. 

The characteristics of the cardiac jelly 
are cited by Reynolds '® as an example of 
a developmental change in the growing 
organism, which not only contributes to 
the immediate well-being of the embryo 
but also to the future survival of the 
organism. In the primitive vertebrate car- 
diae tube, the cardiac jelly is compressed 
and then relaxed in response to the spas- 
modie twitching of embryonic cardiac 
muscle, and serves to propel blood from 
and restore blood to the embryonic heart. 

As the heart grows larger and more 
complex, the cardiac jelly is proportion- 
ately reduced. The viscous cardiac jelly 
is forced into localized positions by the 
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currents of 
the 


stronger contractions and 
blood, and these localized 
dia¢ jelly vive rise to the valves of 
heart and the chordae tendinae. 

Thus, with the appearance of cardiac 
jelly, the bovine embryonic heart is ¢a- 
pable of preliminary contractions. Within 
this age group, the blood circulation is 
largely limited to an ebb and flow in the 
wall of the yolk sac. In the advanced 22- 
day embryos, the circulatory apparatus is 
gradually extended to include vasculariza- 
tion of the neural and hepatic tissues, and 
the allantois. 


masses of 


SUMMARY 


The early development of the bovine 
heart was studied in 6 timed embryos re- 
covered 21 and 22 days after insemination. 
Three specimens at 21 days had six, 12, 
and 13 paired somites, whereas 3 embryos 
at 22 days had ten, 16, and 20 paired so- 
mites, respectively. 

Beginning with a simple tubular form 
at the six-somite stage, the heart rapidly 
develops dilations and sulci which indicate 
the future bulbar, ventricular, and atrial 
Within the period of the nine- 
and ten-somite stage, the paired halves of 
the bulbus and ventricle fuse, and the 
dorsal mesocardium gradually disappears. 
This is followed by characteristic bending 
of the cardiac tube, beginning in the ven- 
tricular region and producing a U-shaped 
bulboventricular loop in the ten- and 12- 
somite embryos. As the atria fuse and 
come to he dorsal to this loop, the heart 
assumes a spiraled S shape. By the 20- 
somite embryos. As the atria fuse and come 
to lie dorsal to this loop, the heart assumes 
a spiraled S shape. By the 20-somite stage, 
the sinus venosus is distinguishable, and 
the heart is capable of maintaining some 
cireulation of blood throughout the yolk 
sac, central nervous system, liver primor- 
dium, and allantoic diverticulum. 

Some aspects of the cardiac jelly are 
discussed in relation to the primary con- 
tractions of the myocardium. 


regions. 
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Pulmonary Adenomatosis in lowa Cattle 


VAUGHN A. SEATON, D.V.M., M.S. 


Ames, Iowa 


PULMONARY ADENOMATOSIS is an acute, 
noninfectious respiratory disease charac- 
terized by sudden onset and short dura- 
tion, varying degrees of pulmonary emphy- 
sema and edema, and hypertrophy and 
hyperplasia of the respiratory epithelium. 
This last tissue change gives rise to the 
term ‘‘adenomatosis,’’ Gue to the tumor- 
like proliferation of cells lining a gland- 
like cavity (alveolus) in the stroma of the 
lungs. 

Pulmonary adenomatosis in cattle was first re- 
ported in Texas in 1953.” It had been 
in the fall of 1952 in eattle being fed moldy corn 
stalks, sweet potatoes, milo, hegari, and other 
moldy feeds. All cases were associated with the 
feeding of moldy feeds. 

The disease was first reported in Iowa eattle in 
1955." It had been observed by members of the 
Veterinary Division of Iowa State College for at 
three years before. The histories, 
and lesions had been consistent and character- 
istic. However, all cases of the disease in Iowa 
had not been associated with moldy feeds. 

Practicing veterinarians who referred these ani- 
mals to the Veterinary Division often termed the 
condition an atypical pneumonia of unknown 
cause. They reported that the 
to the usual courses of pneumonitis therapy had 


observed 


least signs, 


clinical response 
been consistently poor and, in most eases, entirely 
lacking. 

Some of pulmonary 
cattle have found 
gressive pneumonia in sheep,® jagziekte in sheep,® 


adenomatosis in 
Montana pro- 


aspects 


been similar to 


maedi in sheep,” epizootic adenomatosis in Ice 
landic sheep,® a jagziekte-like disease in horses,” 
pulmonary emphysema in ecattle,”* and silo-filler’s 
Isolated pulmonary 
observed in animals of 
and in 


man.* cases of 
have 
species with 
animals with chronic ovine parasitic pneumonia.’ 


disease in 
adenomatosis been 


several chronic pneumonias 


MATERIALS AND METHODS 


Questionnaires designed to obtain individual 
and herd data and history were used with each 
ease studied. The data included: duration of the 
disease in the individual and in the herd, previous 
disturbances in the herd, origin of 
rations, length of time on a 


respiratory 
affected animals, 


Based on a thesis submitted to the Graduate College, 
Iowa State College, Ames, in partial fulfillment of the 
requirements for the M.S. degree. 

Presented before the Section on Research, 
Fourth Annual Meeting, American Veterinary 
Association, Cleveland, Ohio, Aug. 19-22, 1957. 


Ninety- 
Medical 


particular ration, changes in feeding routine, 
weather changes, new additions to the herd, clini 
eal signs, treatments, responses to treatment, and 
necropsy findings. 

Clinieal 
hospitalized animals and on some with field cases 
when the information was available. Records were 
kept on auscultation of thorax, respiratory move- 
ments, temperature changes, discharges, skin 
changes, subcutaneous emphysema, digestive dis- 


observations were recorded daily on 


turbaneces, and feed consumption. 


bacteriological studies were 
animals studied. At 


intratracheal 


Routine aerobic 
conducted on 
tempts to transmit the 
and subcutaneous 
fluids were made in 2 adult 
pigs, mice, and 1 cow were given oxides of nitro 
One steer was exposed intra 


tissues of all 
disease by 
lung and tissue 


Several guinea 


injections of 


cows. 


gen by inhalation. 
rumenally to the oxides of nitrogen. 

Detailed 
fected animal from each of ten herds. Pulmonary 
tissues of affected cattle from 31 additional herds 


necropsies were performed on 1 af 


The necropsies were conducted im 
after 


were studied. 
mediately, or within a few hours, natural 
death caused by the disease. 

Blocks of tissue 
the lungs, trachea, larynx, nasal turbinates, bron 
chial and mediastinal lymph nodes, salivary glands, 
esophagus, rumen, reticulum, omasum, abomasum, 
intestine, large liver, 
gallbladder, spleen, somatic lymph nodes, kidney, 
urinary bladder, skeletal and cardiac musele, brain, 
The 
and 


were obtained routinely from 


small intestine, pancreas, 


Ovaries or 
thymus 


spinal cord, and adrenal glands. 
testicles, mammary 
were obtained for study when possible. 


glands, thyroid, 
Histological examinations of these organs were 
conducted on 10 The blocks of 
were cut approximately 0.5 em. in thickness. 
tine dehydration and infiltration and embedding 
in Altman’s mixture followed. 
m in thickness, and all 
Mayer’s hematoxylin 
and a solution of ethyl 
eosin in an The were 
mounted in a synthetic resin mounting medium. 


tissue 
Rou 


animals. 


The sections were cut 7 
were stained with 
0.25 per cent 


tissues 
aleoholie 


autotechnicon. sections 


and Gémori’s meth 
" for fungi were 


Weigert’s stain for fibrin 
enamine-silver nitrate technique 
used on selected tissues. 

Although the primary objective was to describe 
the histological changes, limited etiological studies 
were conducted. 

Routine aerobic bacteriological studies of the 
tissues, including blood, did not reveal the pres 
ence of bacteria except in a few cases, which were 
complicated by a secondary pneumonitis. In all 
instances, the organisms were identified biochemi 
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cally and morphologically as either a Pasteurella 
Diplococeus. 
Transmission by direct 
affected 


and cows in adjacent stalls did not develop the 


species or a 
was not at- 
isolated 


contact 


tempted, but animals were not 
There was no evidence of contact trans 


with field 


disease. 


mission from animals cases of the 
disease. 

In transmission experiments, 2 adult cows were 
intratracheally with 1 ec. and subeu- 
of a lung emulsion and pul 


fluids obtained from animal 4. 


inoculated 


taneously with 2 ce. 


monary tissue 
Rectal recorded 
daily (101.5 to 102.1 F.), were considered normal. 
Auscultation revealed no pulmonary rales, and the 
rate and depth of respiration were not altered. 


temperatures of the cows, 


EXPERIMENTS AND RESULTS 


Résumé of a Previous Experiment. 
Because of the similarity of pulmonary 
lesions in pulmonary adenomatosis of cat- 
tle and in ‘‘silo-filler’s disease’’ in man, 
Seaton *! has suggested that both diseases 
have a similar Silo-filler’s disease 
has been proved the result of the inhala- 
tion of nitrogen dioxide.” In view of this 
fact, an attempt was made to produce pul- 
monary adenomatosis in animals, using 
nitrogen dioxide. 

Mice and guinea pigs, exposed for two 
minutes to nitrogen dioxide and associated 
oxides of nitrogen, died 72 hours after 
exposure. Necropsy revealed gross and 
microscopic lesions typical of field cases of 
pulmonary adenomatosis in cattle. 


cause. 


A mature cow, with no history of pul- 
monary disease, was exposed to nitrogen 
dioxide for 30 minutes. There was no evi- 
dence of altered respiration or of subse- 
quent respiratory distress. Ninety-six 
hours after the initial exposure, a second 
attempt was made to gas the cow, and she 
was forced to inhale the fumes for five 
minutes. Twenty-four hours after this 
exposure, a mild dyspnea, characterized by 
a slight expiratory grunt, was observed. 
Respiratory distress became progressively 
more severe until the cow died, 94 hours 
after exposure. 

Typical clinical signs of 
adenomatosis were observed. Necropsy eX- 
amination showed that both lungs were 
involved, with the gross lesions of pulmo- 
nary adenomatosis. A generalized passive 


pulmonary 


hyperemia was present in the remainder 
of the cadaver. 

Histological 
disclosed both hyperplasia and hyper- 


examination of the lungs 
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trophy of the cells of the alveolar and 
bronchial epithelium. 

Other Attempts to Produce the Disease 
Experimentally.—A 600-lb. Aberdeen 
Angus-type steer was exposed to nitrogen 
dioxide using an air pump and a 
stomach tube, three times each week for 
two weeks. The gas was not measured, but 
was given in a concentrated vapor until 
tympany was prominent. The im- 
mediately manifested dyspnea and a de- 
gree of incoordination, such as is seen in 
naturally occurring cases of tympanites, 
but these disappeared within two to four 
hours. 

Beginning the third week, the exposures 
were made daily until a total of 18 had 
been made. On two oceasions during the 
third week, the animal experienced ano 
rexia for 24 hours, but at no time 
constipation or diarrhea observed. Ap 
proximately 18 hours after the last expo- 
sure, the animal was killed. Neither gross 
nor histological lesions of pulmonary ade 
nomatosis were found. Due to a complete 
lack of knowledge about the toxie dose of 
nitrogen dioxide gas in the bovine species, 
as well as the lack of knowledge of an 
atrium capable of producing the disease, 
the results in this animal are difficult to 
evaluate. 

Studies of Case Histories—Pulmonary 
adenomatosis is widespread in Iowa, and 
its prevalence appears to have increased 
during the last five years. Diagnoses have 
been made, on histological evidence, in 
cattle originating in Texas, Minnesota, and 
Kentucky, as well as lowa. It is probably 
present but undiagnosed in other mid- 
western states. 

Age is not a factor. Most of the cases 
studied were in cattle 6 to 36 months old; 
however, they ranged from a calf, 2 months 
old, to a cow, 13 years old. Beef and dairy 
breeds and males and females appeared 
equally susceptible. 


fas, 


steer 


Was 


The disease occurred in all seasons, but 
the incidence was greatest in late summer 
and fall. As many cases occurred in home 
raised as in purchased cattle. 

In fatal death occurred in six 
hours to five days, but usually on the third 
day after onset of dyspnea. Recovery 
usually required two to ten days. 

The morbidity in a herd was low, but 
the mortality high—over 90 per cent when 
the ration was not changed. 


Cases, 
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Two animals in different herds were re- 
ported to have recovered from one attack 
but to have succumbed to a second attack 
one week and six months later, respectively. 

The disease was reported in an Aber- 
deen Angus herd for three successive years, 
usually in ealves less than 6 months old. 

Their temperatures ranged from 102.6 
to 106.0 F. The higher temperatures may 
have been due to faulty aeration and in- 
adequate cooling of the blood stream by 
severely incapacitated lungs. Rapid de- 
hydration of the animals was a constant 
finding. 

In therapy, antibiotics, sulfonamides, 
antihistamines, rumenatorics, antiserums, 
stimulants, expectorants, blood  transfu- 
sions, vitamins, and fluid supportive ther- 
apy have been used without success. 

Rations were variable; alfalfa hay was 
the only ingredient fed to all affected ani- 
mals. The rations consisted primarily of 
corn, oats, and alfalfa hay, but some ani- 
mals also were fed corn silage. 

Weather apparently was not a factor 
except, perhaps, in animals with cases com- 
plicated by secondary pneumonia. 

The animals usually were in good con- 


dition, usually feedlot or well-fed dairy 
cattle. 

As the disease progressed, the animal’s 
facial expression usually indicated increas- 
ing anxiety. 

Auscultation of 
either no sound, indicating a nonfunctional 


the thorax revealed 
lung, or dry rales. Sounds 
prominent over the dorsal or 


matic portions of the lungs. 


were most 
diaphrag- 
Tachycardia 


Fig. 1—Section of a bovine lung, showing hyper- 
trophy and hyperplasia of the pulmonary epithe- 
lium and muscle. x 298. 
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always was present, often at 120 cardiac 
impacts per minute. 

Body discharges were normal, except 
for mucus in the nasal cavities 
and froth about the mouth, both believed 
caused by dyspnea. 

Macroscopic Findings.—A subcutaneous 
emphysema over the thoracic cavity, the 
thoracic limb, and the ventral cervical 
region was observed in 2 animals. The 
superficial lymph nodes appeared un- 
altered. 

The important lesions were confined to 
the respiratory system. The lungs were 
greatly enlarged, firm, and edematous. 
They completely filled the thoracic cavity 
and often showed the imprint of the ribs. 
In all cases, alveolar and interstitial em- 
physema were present throughout the 
lungs, with large bullae in the interlobular 
septa. Due to the firmness, the 
lungs were easily incised and the cut sur- 
face resembled the thymus gland. There 
was no evidence of suppurative pneumo- 


excessive 


inereased 


nitis, multiple abscesses, or abnormal exu- 
dates. The larynx and trachea were not 
changed, but often contained white froth 
and excessive mucus. The nares, nasal 
cavities, and nasal turbinates showed only 
mild hyperemia. 

The mediastinal and 
nodes were edematous, emphysematous, 
and hyperplastic, but not suppurative. 
Many were four to five times their normal 
size. The disturbance in pulmonary cir- 
culation was reflected throughout the 
cadaver by an acute, general, passive 
hyperemia. As a result, there frequently 
was a moderate cardiac dilatation of the 
right ventricle, and the lymphatic vessels 
were greatly distended, especially in the 
subpleural and interstitial tissues. 

An acute, general, hyperemia 
always was observed in the salivary glands, 
oral mucosa, stomach, intes- 
tines, liver, pancreas, kidneys, urinary 
bladder, ovaries, uterus, mammary glands, 
testicles, brain, spinal cord, and _ skeletal 
muscles. 

Microscopic Findings.—Microscopically, 
the lungs had characteristic 
changes. The hypertrophy and hyperplasia 
of the pulmonary epithelium and muscles 
were the most prominent alterations (fig. 
1). These lesions were focal in some, but 
diffuse in most animals. The alveolar phag- 
oeytes or septal cells were enlarged and so 
numerous that they sometimes lined the 


bronchial lymph 


passive 


esophagus, 


undergone 


anos) 
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Fig. 2—Section of a bovine lung, showing septal 
cell proliferation simulating glandular architec- 
ture. x 298. 


alveoli, simulating a gland (fig. 2). These 
septal cells varied from cuboidal to colum- 
nar and their cytoplasm often was foamy 
or lacelike. In several instances, the pul- 
monary epithelium acquired a giant cell 
appearance caused by extremely rapid pro- 
liferation. The continued response of the 
lung to the ineiting irritant resulted in 


further production of septal cells, with a 
second layer lining the alveolar walls. In 
cases of several days’ duration, the alveoli 
were filled with new layers of septal cells 
and their desquamated predecessors 


( fig. 
3). This supported the belief that the 
alveolar phagocytes or septal cells were 
derived from the alveolar epithelium and 
were not wandering cells of extrarespira- 
tory origin. The bronchial epithelium was 
hyperplastic and hypertrophic, as indi- 
cated by the extension of epithelial rugae 
into the lumina of the bronchi. Desqua- 
mated alveolar and bronchiolar epithelium 
often nearly filled the bronchi. 

The alveolar capillaries were distended 
with blood. Small amounts of fibrin were 
deposited and both an alveolar and an 
interstitial edema occurred. The sub- 
pleural and interstitial lymphatics were 
distended. 

In animals with peracute cases, in which 
death occurred in six hours or the 
alveolar walls often were paved with an 
eosin-staining protein substance. Septal 
cell proliferation was not pronounced in 
these animals. 

Perivascular and peribronchiolar lymph- 
oid hyperplasia was noticed in several 
instances. The pulmonary musculature 


less, 
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appeared mildly hyperplastic in most. A 
moderate eosinophilia was found in only 
2 animals—subpleural in 1 and intraseptal 
in the other. 

The larynx, trachea, and nasal turbi- 
nates were hypc-emic. 

The bronchial and mediastinal lymph 
nodes showed acute, general, passive hyper- 
emia and hyperplasia. The subcapsular or 
cortical sinusoids were distended with 
blood. Macrophages and lymphocytes ap- 
peared in the sinuses of both the cortex 
and the medulla. The afferent lymphatics 
were distended. Extensive edema and em- 
physema of the nodes were common, but 
no evidence of suppuration was found. 

The cardiac muscle had undergone focal 
coagulation necrosis. The necrotic cells had 
lost their angularity, the striations were 
disappearing, and the cells were stained 
heavily with eosin. Sarecosporidia were ob- 
served in several hearts. The only altera- 
tion in the salivary glands, esophagus, and 
stomach was a marked acute, general, pas 
sive hyperemia. A passive hyperemia of 
the small intestine and pancreas was a con- 
stant finding. Several animals showed 
moderate increases in the number of lym- 
phocytes and eosinophils in the intestinal 
mucosa and tunica propria. The interpre- 
tation of these cellular infiltrations in the 
digestive tract should take into considera- 
tion a physiological cellular increase fol- 
lowing food ingestion. A mucoid degen- 
eration of the epithelium, with a marked 
increase in the number of goblet cells, was 
especially evident in 1 animal. 


The liver clearly demonstrated acute 


Fig. 3—Section of a bovine lung, showing alveoli 
filled with new layers of septal cells and their des- 
quamated predecessors. x 298. 
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passive hyperemia. The central veins were 
greatly distended with blood. An extensive 
centrolobular necrosis was evident in many 
livers. Areas of fatty degeneration were 
common. Occasionally, a hyperplasia of 
the Kupffer cells was evident. The hepatic 
triads showed lymphocytic infiltration in a 
few animals. The gallbladders were hyper- 
emic. The kidneys were hyperemic and a 
lymphocytic infiltration into the glomeru- 
lar tufts was discernible. Albumin was 
present in the glomerular spaces in some 
animals. Many kidneys had microconere- 
tions in the renal tubules, which served as 
an index of the rapid clinical dehydration. 
An acute passive hyperemia of the urinary 
bladder was present. 

The only change in the nervous system 
was an acute, passive hyperemia. 

The tongues, thymuses, thyroid glands, 
adrenal glands, ovaries, testicles, mammary 
glands, and uteri all were in a state of 
passive hyperemia. 


DISCUSSION 


Several respiratory diseases of domestic 
animals have been reported in which the 
respiratory manifestations and the macro- 


scopic and microscopic lesions are similar 
to pulmonary adenomatosis in cattle. 


Jagziekte and Montana Progressive 
Pneumonia.—In veterinary literature, jag- 
ziekte is described as a pulmonary disease 
of sheep in which the lesions are prolifera- 
tive in character. The disease usually ap- 
peared in sheep which were fatigued by 
long drives; hence, the Dutch name, ‘‘jag- 
ziekte.’’ Cowdry and Marsh * reported that 
the mortality in South African jagziekte 
and Montana progressive pneumonia in 
sheep were nearly the same. The diseases 
occurred throughout the year, generally 
affected sheep over 2 years old, and in- 
variably ended in death. All animals with 
recognized cases and their contacts were 
slaughtered as a control measure. The etio- 
logical agent in jagziekte was not known 
and the disease was not transmitted by 
animal inoculation.* Repeated intratra- 
cheal inoculations, of a diphtheroid type 
of bacteria isolated from sheep affected 
with Montana progressive pneumonia, pro- 
duced small pulmonary lesions of the same 
type as in naturally occurring cases. The 
disease was reproduced in 1 sheep in this 
way. 

In both 


diseases, the lesions were ¢on- 
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fined to the thoracie cavity. Luxuriant 
proliferation of respiratory epithelial cells 
of the alveoli and bronchioles was the most 
prominent lesion. Macrophages and leuko- 
cytes were present in the interstitial tissue, 
and the engorgement of the alveolar capil- 
laries resulted in a chronic catarrhal pneu- 
monia, with death resulting from asphyxi- 
ation. 

Dungal,® in Iceland, experimented with 
jagziekte, which he believed had been im- 
ported with sheep from Germany. He ob- 
served that the infection was obtained in 
healthy lambs by exposing them to air ex- 
haled by sick sheep through a solution of 
glycerin and saline. When this solution 
was injected intratracheally, the infection 
was reproduced. Transmission of the dis- 
ease was made easier by the injection of 
‘‘bacillary cultures’? causing pneumonia 
in sheep, especially if the sheep had been 
fed snails infected with lungworms. He 
did not believe, however, that the lung 
worm was a virus vector. 

Dungal concluded that jagziekte was 
caused by a pneumotropic virus which was 
strictly limited to the lungs and bronchi 
and exereted with expired air. He de- 
scribed intracellular corpuscles which he 
believed might be virus corpuscles. 

Epizootic Adenomatosis in Icelandic 
Sheep.—Dungal et al.® stated that crowd- 
ing of sheep during the winter seemed to 
be a factor in the spread of this disease; 
therefore, it was believed infectious. 

The lungs were greatly enlarged, with 
characteristic widespread ‘‘grayish 
patches,’’ which were not distinct and did 
not protrude above the surface as worm 
nodules do. The pleura was slightly thick- 
ened. There was no visible change in the 
pulmonary or mediastinal lymph 
Other organs were not affected. 


nodes. 


Microscopically, there were adenomatous 
areas in the lungs. Giant cells were believed 
the result of more rapid nuclear than eyto- 
plasmic division of the alveolar cells. Al- 
veolar epithelial proliferation was pro- 
nounced. Desquamation of the epithelium 
was extensive and the lumina of the bron- 
chi frequently were filled with desqua- 
mated epithelium. 

The Gottorp strain of Icelandic sheep 
was susceptible, while the Adalbol strain 
was more resistant, indicating a hereditary 
influence. 
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The disease could be transmitted by con- 
tact and by inoculation of emulsified le- 
sions into the lungs of susceptible animals, 
but not when Seitz filtrates prepared from 
the pulmonary lesions. were inoculated 
intrapulmonarily into clinically healthy 
sheep. Animals fed on hay from pastures 
where the disease was present did not de- 
velop the condition. White mice and rab- 
bits did not develop the disease when this 
material was injected intraperitoneally, 
intrapulmonarily, and intravenously. Dun- 
gal considered epizootic adenomatosis in- 
distinguishable from jagziekte. 

Maedi.—Maedi, a chronic progressive dis- 
ease of sheep in Iceland, was reported ** as 
causing primary gross lesions only in the 
lungs. Microscopic lesions included pro- 
liferation of the mesenchymal tissue, thick- 
ening of the alveolar septa, macrophages 
in the alveoli, hypertrophy of the smooth 
muscle in the alveolar ducts, and lymphoid 
accumulations more conspicuous than 
usual around the bronchi and bronchioles. 
Sigurdsson et al.** stated: ‘‘the cause of 
the disease is not known, but it is believed 
that microscopically visible organisms have 
been ruled out as a possible cause.”’ 

Experiments indicated that maedi 
could be transmitted by contact; the ineu- 
bation period was about two years. 

Sigurdsson et al.** believed that maedi 
was a distinctly different disease from in- 
fectious adenomatosis or jagziekte, both 
anatomically and clinically. However, 
proof of the differences was lacking. 

Pulmonary Emphysema in Cattle.—Pul- 
monary emphysema in cattle was first re- 
ported in the annual report of the Ontario 
Veterinary College, in 1924, as an acute 
alveolar emphysema in calves. In 1948, 
Schofield 7° again wrote about acute pul- 
monary emphysema in cattle. He stated 
that the disease had been reported in 
France, England, and Holland; that Bar- 
ker believed the disease in England ‘‘to 
be a form of hypersensitivity to some agent 
in the pasture’’; and that Seekles, in Hol- 
land, believed pulmonary emphysema to 
be an enterotoxemia associated with Clos- 
tridium welchii, reasoning that the Cl. 
welchu toxin damaged the capillary bed in 
the lungs, giving rise to the edema and 
emphysema. 

Schofield mentioned factors which may 
have been of etiological significance: (1) 
Most of the cases he observed were in ani- 
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mals pastured on succulent feed; (2) the 
disease was more prevalent during years 
of heavy rainfall, when the plants grew 
rapidly; (3) the inclusion of hay or straw 
in a rape diet seemed to reduce the inci- 
dence of the disease; (4) the repeated oc- 
currence of the disease on certain farms 
indicated that soil constituents may have 
been a factor by influencing the chemical 
composition of the plants; (5) specific bac- 
teria or their toxins, such as Cl. welchii, 
may cause edema and emphysema of the 
lungs; (6) the majority of the cases in 
Canada occurred in animals in phosphorus- 
deficient areas. 

Mackey ** reported an acute pulmonary 
emphysema in cattle of the western range 
areas. A short time after the cattle were 
brought back to the valleys from the moun 
tain summer ranges, thus subjected to a 
change of feed, the acute respiratory 
trouble appeared. The disturbance struck 
at random, affecting a particular herd one 
year or several years in succession, with 
no more than 2 per cent morbidity in any 
one herd. The majority of the affected 
cattle became ill in the first week, especi- 
ally on the seventh day. The illness was 
characterized by a ‘‘very audible expira- 
tory grunt’’ with the head extended and 
tongue protruding. Death occurred as few 
as six hours after the animals were turned 
into the new feed, but usually in two days, 
and some animals lingered on a week or 
more. Costal impressions remained on the 
lungs when the thorax was opened. 

Mackey believed that ‘‘the animals are 
sensitized to some substance or combina- 
tion of substances, possibly protein in na- 
ture, which is common to many of the lush 
green plants.’’ When he treated them with 
antihistamines in combination with epine- 
phrine, intramuscularly, 40 of 42 animals 
recovered. He reported that ‘‘along with 
treatment, confinement and continued feed- 
ing on hay that has been stacked at least 
one month are essential.’’ Although he 
reported success with treatment, he also 
advised rest and a change of the ration. 

Goodman * observed pulmonary emphy- 
sema in pastures where the water was 
highly alkaline, thus having a relatively 
high pH. He states that if Cl. welchii is a 
factor, the high pH of the water may in- 
fluence the growth of this organism or, if 
allergy is a factor, the high pH of the 
water may influence the ailergic reaction. 
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Histological studies of tissues from ani- 
mals diagnosed as having pulmonary em- 
physema or bovine asthma in Colorado, 
which were stained with eosin and Mayer’s 
hematoxylin, presented a typical picture 
of pulmonary adenomatosis as seen in 
lowa. Pulmonary emphysema was evident, 
as was the hyperplasia and hypertrophy 
of the alveolar and bronchiolar epithelium. 
A passive hyperemia was present. 

The clinical manifestations and 
and microscopic lesions in bovine asthma 
so closely parallel pulmonary adenomatosis 
that it seems probable that the diseases are 
the same. 

Jagziekte-like Disease of the Equine 
Species.—Theiler ** reported a jagziekte- 
like disease of horses caused by the inges- 
tion of Crotalaria dura plants. The main 
lesions were the proliferation of the pul- 
monary epithelium and the resultant pul- 
monary emphysema. 

A desquamation of epithelial cells into 
the lumina of the bronchioles was promi- 
nent. The bronchiolar epithelium prolifer- 
ated markedly and was considered pathog- 
nomonic. Edema and fibrosis of the lungs 
also occurred. Liver cirrhosis and bile duct 


gross 


proliferation were observed. 
Silo-Filler’s Disease in Man. 

disease © has been reported as a respira- 

tory disease of man which includes any 


Silo-filler’s 


bronchial or pulmonary condition pro- 
duced by the inhalation of oxides of nitro- 
gen derived from fresh silage. The lung 
lesions varied with the amount of nitrogen 
dioxide inhaled. 

Clinically, severe dyspnea oceurred im- 
mediately or within a few hours after ex- 
Rales were manifested and roent- 
genography revealed discrete nodular 
consolidation throughout the lung. Treat- 
ment consisted of bed rest and oxygen 
administration. Acute severe 
terminated in death. 

The pathological change was termed a 
bronchiolitis fibrosa obliterans. The alve- 
olar epithelium, as well as the bronchiolar 
epithelium, had undergone hypertrophy 
and hyperplasia. The fibrosis was _ pro- 
nounced in the bronchioles of man, but not 
in cattle. This difference in the lesions may 
have been due to a species difference in 
tissue response to the irritant, as pointed 
out by Monlux.!® 

Causes.—The 
mentioned have 


posure. 


Cases 


conditions 
elini- 


respiratory 
much in common, 
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eally and pathologically. Montana progres- 
sive pneumonia, jagziekte, epizootic adeno- 
matosis, and maedi, all diseases of sheep, 
have been considered viral in origin; how- 
ever, proof of definite isolation of a virus 
is lacking. A jagziekte-like disease in 
horses, pulmonary adenomatosis in Texas 
and lowa cattle, and bovine pulmonary 
emphysema have been considered nutri- 
tional iu origin. Silo-filler’s disease in man 
has been caused by the inhalation of nitro- 
gen dioxide gas. 

Cowdry and March,*® in comparing jag- 
ziekte and Montana progressive pneu- 
monia, believed that a dietary factor may 
have been involved and, to illustrate their 
point, they mentioned Theiler’s ** study of 
jagziekte in the horse. They commented 
that the respiratory epithelium of the 
sheep’s lung must be unusually prone to 
undergo proliferative changes because bac- 
terial infection, parasitic infections, and a 
variety of experimental agents also pro- 
duce such an alteration. They also stated: 
‘** Jagziekte may be caused by a virus but 
we do not believe that the entire disease 
complex is caused by such a virus.’’ 

The limited 
oxides of nitrogen 


with 


silo- 


studies 
that, in 
filler’s disease in man and in pulmonary 
the 
similar, if not identical. 

Because definite infectious agents have 
not been isolated in any of these diseases 
and because of the nutritional character- 
istics of the bovine and equine diseases, it 
seems possible that they all may be nutri- 
tional or metabolic in origin. The fact that 
the disease in man is known to be caused 
by the fermentation of animal food plants 
suggests a common precursor, if not a com- 
mon etiological agent. Such a precursor 
or etiological agent may be food plants and 
their seeds, high in nitrate content, which 
release toxic gases during their digestion. 
Food plant nitrates are known to be in- 
creased in immature plants, such as in fast 
growing lush pastures, in plants grown in 
drought areas, and in plants grown in 
soils fertilized heavily with nitrates. The 
possibility that rumen fermentation of 
such food plants may give off oxides of 
nitrogen during the conversion of nitrates 
to nitrite and thereby initiate the disease 
seems plausible, but is as yet unproved. 
The failure of the rumen bacteria to adjust 
to the rations may produce toxic agents, 


etiological 
indicated 
etiological 


adenomatosis, agents were 
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due to incomplete digestion, which stimu- 
late septal cell proliferation. 

The pH of the individual animal’s ru- 
men and its resulting bacterial flora may 
determine the animal’s fate. 

Pulmonary 
pulmonary adenomatosis in cattle was first 
reported by Monlux et al.,'7 the syndrome 
had been observed by veterinarians and 
stockmen in Texas for at least 20 years be- 
fore that time. Acute cases of a similar 
severe respiratory distress which usually 
terminated in death had occurred in the 
lowa State College cattle herds for at least 
25 years before the report of pulmonary 
adenomatosis in lowa.* Case histories and 
bacteriological and pathological findings 
indicate that the condition may have been 
pulmonary adenomatosis. Thus, pulmo- 
nary adenomatosis is not a new disease, 
but one which has been recognized only 
recently, probably because of the lack of 
response to antibiotic therapy. 

Only a few of the cases of pulmonary 
adenomatosis observed in lowa had a sub- 
cutaneous emphysema, as reported" in 


Texas and in bovine pulmonary emphy- 


sema of the western mountain ranges. 
Monlux ™* believed it was due to ‘‘over- 
distention of the alveoli and rupture of 
the alveolar walls which allowed air to 
escape into the interstitial tissue of the 
lung. When the air entered the interstitial 
tissue it migrated to the hilus of the lung 
and then escaped into the mediastinum. 
From there it passed through the anterior 
thoracic inlet and appeared under the skin 
of the neck and shoulder.”’ 

Hartroft ™ states that, histologically, 
in uncomplicated pulmonary emphysema, 
rupture of the alveolar walls is seldom 
If rupture does occur, it is usually 
at the alveolar bases abutting the pleura 
or vascular sheaths. He lists the micro- 
scopic diagnostic criteria of pulmonary 
emphysema as a marked decrease in the 
average alveolar depth, with a correspond- 
ing increase in the average alveolar di- 
ameter, and flattened alveolar bases. That 
pulmonary adenomatosis is complicated by 
tissue alterations other than pulmonary 
emphysema is evident, as shown by the 
proliferation of the septal cells. The same 
statement can be made in the case of bovine 
asthma. 

Geever et al.,° in discussing the alveolar 
lining under various pathological condi- 


seen. 


PULMONARY ADENOMATOSIS IN 


lowa CATTLE 607 


tions in man and animals, did not find 
evidence of a continuous ‘‘alveolar 
epithelium’’ in normal adult lungs. Only 
occasional scattered septal cells were ob- 
served. Under various spontaneous patho- 
logical conditions, epithelial-like lining 
cells were found, and such a lining layer of 
probably prevented a gaseous ex- 
change. He indicated that the origin of the 
epithelial-like cells was probably from the 
mesenchyme and he believed a high per- 
centage of the mononuclear phagocytes in 
the lung originated from septal cells. 

Bell! observed that epithelial prolifera- 
tion in the alveoli often was seen in chronic 
passive congestion and interstitial pneu- 
monia, apparently as a result of the thick- 
ening of the interalveolar septa. He stated 
that the alveolar walls normally were not 
covered by a continuous layer of epi- 
thelium, but that in certain diseases a con- 
tinuous epithelial layer was formed. 

Liebow et al.'* stated that muscle hyper- 
trophy and hyperplasia was common in 
chronic pulmonary disease. It was especi- 
ally common in pulmonary emphysema and 
may have been derived from the alveoli 
and bronchi, blood vessels, and lymphatics. 
He stated that the bronchioles leading to 
an emphysematous region may 
great collars of muscle which narrow the 
lumina, perhaps producing or contributing 
an obstructive factor to the development 
of emphysema. 

In pulmonary adenomatosis, it is ap- 
parent that the reaction of alveolar septal 
described by Bell,’ the muscular 
hypertrophy and hyperplasia described by 
Liebow et al.,!*> and the pulmonary emphy- 
sema described by Hartroft'' all are oc- 
curring simultaneously and contribute to 
each other. 

The most acute cases of pulmonary ade- 
nomatosis, in which the animals died in 
less than 12 hours, often did not show a 
pronounced septal cell proliferation. The 
primary change in the alveolus was the 
deposition of an eosin-staining, protein- 
rich plasma which formed a pavement for 
the alveolar walls. This material had a 
heavy, viscid, homogeneous appearance. 
The clinical manifestations in these ani- 
mals with acute cases were the same as in 
animals in which the cellular proliferation 
was pronounced. The functional respira- 
tory area was reduced to a minimum and 
the animals died of asphyxiation as a re- 
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sult of the interference with the gaseous 
exchange. A special staining technique for 
the detection of fibrin in these cases gave 
a negative reaction. 

The focal coagulation necrosis of the 
eardiac muscle could be explained as the 
result of exhaustion and anoxia. 

The general passive hyperemia observed 
in all organs of the body was caused by 
pulmonary embarrassment. The centro- 
lobular necrosis in the livers was a direct 
result of passive hyperemia and anoxia. 

Although the lungs were diffusely in- 
volved, the typical adenomatous reaction 
often was in multiple foci. For that rea- 
son, in making a diagnosis of pulmonary 
adenomatosis, it was necessary to obtain 
multiple lung samples for histological 
study. 

The treatment of pulmonary adenoma- 
tosis consisted in rest and in changing the 
ration, regardless of its content. This pro- 
cedure was advised routinely and _ spec- 
tacular recoveries were common. Complete 
rest is a necessity, as the least exertion may 
cause severe respiratory distress and prove 
fatal. Although many medicaments have 
been used as therapy, none have been 
beneficial. 

The rapid and complete recoveries which 
usually followed ration changes supported 
the belief that pulmonary adenomatosis 
was nutritional (metabolic) in origin. 
Frequently, recovery occurred when the 
ration remained qualitatively the same but 
was from a different indicating 
that the varying chemical composition of 
the food plants may be a factor. 


source, 


SUMMARY AND CONCLUSIONS 


1) A description is presented of the re- 
spiratory manifestations and pathological 
changes of pulmonary adenomatosis, an 
acute noninfectious respiratory 
characterized by sudden onset and short 
duration, varying degrees of pulmonary 
emphysema and edema, and hypertrophy 
and hyperplasia of the respiratory epi- 
thelium. 

2) This disease has been reported in 
lowa cattle with increasing frequency for 
five years. It also has been reported in 
three other states and probably 
throughout the Midwest. 

3) Pulmonary adenomatosis attacks cat- 
tle regardless of their age, breed, or sex. 

4) The incidence of the was 
greatest in late summer and fall. 
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disease 
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5) The course of fatal cases ranges from 
six hours to five days, with death usually 
occurring on the third day after onset of 
dyspnea. 

6) The morbidity averaged 5.36 per 
cent in affected herds, and the mortality 
«wveraged over 90 per cent in animals not 
experiencing complete rest and a change 
of ration. 

7) The data and materials used in this 
study were derived from 41 herds. De- 
tailed necropsies were performed on 10 
animals. 

8) The histological changes were studied 
in most of the important organs of 10 ani- 
mals, representing approximately 300 tis- 
sections. Ethyl and Mayer’s 
hematoxylin stains used routinely. 
Weigert’s fibrin stain and Goémori’s meth- 
enamine-silver nitrate stain were used on 


selected sections. 


sue eosin 


were 


9) The disease is characterized, micro- 
scopically, by pulmonary edema and em- 
physema, hypertrophy and hyperplasia of 
the respiratory epithelium, and an acute 
general, passive hyperemia of all organs of 
the body. 

10) Routine studies of 
the tissues, including blood, did not reveal 
the consistent presence of bacteria. 

11) Transmission of the disease to other 
animals was not successful. 

12) In limited studies, it was shown that 
pulmonary adenomatosis could be pro- 
duced by the inhalation of nitrogen dioxide 
gas. 

13) Histories, and and 
microscopic lesions of pulmonary adeno- 
matosis were compared with Montana pro- 
gressive pneumonia and jagziekte in sheep, 
epizootic adenomatosis in Icelandic sheep, 
a jagziekte-like disease in the horse, pul- 
monary emphysema in eattle, and 
filler’s disease’’ in man, as reported in the 
literature. Comparison of microscopic le- 
sions was made with the benefit of tissue 
sections of each disease mentioned. 

14) The answer to the question of the 
pathogenesis of pulmonary adenomatosis 
may revolve around the alterable chemical 
constituents of food plants and the appro- 
priate bacterial flora necessary for their 
digestion. 
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Elimination of Phenothiazine by Lactating Dairy Cows 


T. RICHARDSON, M.S., and A. C. TODD, Ph.D. 


Madison, Wisconsin 


PHENOTHIAZINE is a heterocyclic organic 
compound first prepared in 1885 by 
Bernthsen,? who fused elemental sulphur 
and diphenylamine in the presence of an 
iodine catalyst to synthesize thiodiphenyl- 
amine. 

In 1938, Harwood et al.” introduced phenothia 
zine as an anthelmintic. Since then, it has been 
used suecessfully in many domestic animals. 

Phenothiazine is the parent compound of many 
derivatives. 
to its pharmacology, are 
their conjugates. 
more common derivatives are shown 

The pharmacology of phenothiazine has 
studied in many animals, including sheep,” * 
pigs,” dogs,”™ rabbits,***™ rats, 
horses,” and man.” The primary derivatives in 
volved in the metabolism and elimination of pheno 
thiazine were summarized by Clare et al.° 

Clare® detected small amounts of phenothiazine 
sulfoxide in the abomasa, rumens, and intestines 
of sheep and calves. However, phenothiazone was 
not detected in the intestinal tracts until the 
Collier* identified phenothiazone in the 
feces of sheep. Harpur et al.” showed that oxida- 
tion of phenothiazine to phenothiazone was not 
Trace quantities of 


Its primary derivatives, with respect 
oxidation products and 
The structural formulas of the 
(fig. 1) 

been 


ealves,° 


ceca, 


essential before absorption. 
phenothiazone were demonstrated in the rumens of 
sheep. They concluded that the extent of oxida- 
tion of phenothiazine in the ovine rumen may have 
been variable. 

Esserman™ demonstrated a phenothiazine-fat 
complex in the intestines of chickens rats 
which may be involved in drug absorption by these 


and 


animals. 

The derivatives that have been detected in the 
digestive tracts of various animals, ineluding 
those excreted with the phenothiazine, 
phenothiazone, phenothiazine sulfoxide, leuco 
phenothiazone, thionol, leucothionol, and the pheno 
thiazine-fat complex. 


bile, are 


The primary route of elimination of phenothia- 
zine which has been absorbed is the urine. DeEds 
et al.”™* established the presence of water-soluble 
conjugates in the while studying pheno 
thiazine elimination in rats, rabbits, and man. 
These investigators established that the thionol- 


urine 
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leucothionol and phenothiazone-leucophenothiazone 
systems were present in animal urine. 

Collier * isolated a phenothiazine conjugate from 
sheep urine. Analysis of the conjugate revealed it 
to be the potassium ethereal sulfate of leucopheno 
The structure of the sheep urinary con 
Collier et al 


thiazone. 
jugate was proved by 
Collier* could account for 


synthesis by 
40 per cent of orally 
ingested phenothiazine in the urine and 40 per 
cent in the feces. 

Benham * evidence that phenothiazine 
was eliminated by the rabbit as the glucuronic 
acid conjugate of thionol. 


Collier et al. proved that horses and dogs elimi 


provided 


nated conjugates of leucophenothiazone. 

Clare® demonstrated the presence of the leuco 
phenothiazone ethereal sulfate conjugate, along 
with thionol, in the Younger 
calves eliminated the phenothiazine as a polypep 
tide conjugate of The poly- 
peptide residue contained tyrosine, arginine, glu- 
The 
urine of treated 


urine of calves. 


leucophenothiazone. 


tamie acid, and phenylalanine. derivatives 


that appear in the 
essentially the oxidation products of phenothiazine 


animals are 


or their conjugates. 

One of the few references to phenothiazine and 
its elimination by lactating dairy cattle is that by 
Wise et al.™ His group treated each of 3 cows in 
lactation with 125 Gm. of phenothiazine. Acidi- 
fication of the milk with HCl 
used to detect the phenothiazine derivatives. They 
observed greatest elimination of the drug in the 
first milking after treatment; elimination Jasted 
between 36 and 60 hours. No attempt was made 
at identification or quantitative determination of 
the phenothiazine metabolites in milk. Milk from 
treated animals was fed to white rats and found 


coneentrated was 


to be nontoxic. 

Enzie and Kurtinar”™” detected a pink color in 
milk from goats treated with 2 to 3 Gm. of pheno- 
thiazine daily. 

Collier et al.* detected phenothiazine derivatives 
in the milk of sheep. They used p-toluenesulfonie 
acid to precipitate the protein in fat-free milk, 
then analyzed the supernatant fluid for drug econ 
tent. Milk derivatives 
did not sour as readily as control milk. 

Alicata Wayman 
thiazine per day to 13 lactating dairy cows with 
an average daily milk production of 7.3 to 24.3 
Ib. Milk from 12 of the cows did not 
The milk from 1 cow giving 4.3 Ib. of 
milk per day did show a slight pink discoloration. 
They concluded that 
in doses of 2 Gm. per day did not color the milk 


containing phenothiazine 


and gave 2 Gm. of pheno 


show dis 


coloration. 
phenothiazine given to cows 
When 4 animals giving 


or alter milk production. 


12.8 to 19.3 lb. of milk per day were given the 
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COQ, 


PHENOTHIAZINE 


PHENOTHIAZONE LEUCOPHENOTHIAZONE 


PHENOTHIAZINE 
SULFOXIDE 


LEUCOTHIONOL 
Fig. 


milk was pink for 
normal on the 


60-Gm. therapeutic dose, the 
the first two days but 
third day. 


became 


MATERIALS AND METHODS 


These studies were concerned with the elimina- 
tion of phenothiazine in the feces, urine, and milk 
of lactating dairy Three grade Holstein- 
Friesian cows, 1 grade Aberdeen 4 


cows. 
Angus, 2 grade 
Milking Shorthorns, and 1 grade Jersey were used. 
The cows were in various stages of lactation and 
of varied weights. 

The cows were pasture 
pens with cement floors and were allowed to be 
1ccustomed to their new environment for 24 
During the experimental period, they 
about 6 Ib. of 
always was available. 


moved from into clean 
come : 
to 36 hours. 
were fed hay, free 
ground grain daily. 
The formula for the 


choice, and 
Water 
grain ration was: 
Ground oats.... 29.70% 
29.70% 
9.90% 
Trace mineralized salt 99% 


After the short period for adaptation, each ani 
mal was placed in turn in an apparatus for total 
quantitative collection of the feces, urine, and 
milk. 

Five 


boluses of phenothiazine.* 


cows were each given eight 12.5-Gm. 
In making the 
was used as a binder, sodium Jauryl 
agent, and dry starch 
compression. 
given 100 Gm. 
a powder in eap 


drug was 


boluses, 
starch paste 
sulfate as a wetting was 
added as a disintegrator befere 

In a 
ef micronized phenothiazine as 


separate trial, 2 cows were 


sules. The average particle size of the 


estimated as 4 u.* 


* Produced by Curts Laboratories, Inc., Kansas City, 


Mo 


3-9 DIHYDROXY- 


SUL 
OMIDE 


1—The structural formulas of 


POTASSIUM ETHEREAL 
FATE OF 
LEUC OPHENOTHIAZONE 


THIONOL 


common phenothiazine derivatives. 


Feces.—Phenothiazine was detected in the feces 
by a modification of the bromine method of De 
Eds and Eddy.’ For qualitative purposes, about 
10 Gm. of wet fecal material was extracted with 
25 ml. of boiling 95 per cent ethanol. Portions of 
the filtered extract treated with 0.5 ml. of 
saturated bromine and then placed in a 
water bath. A cherry-red color due to 3,9,-di 
hydroxyphenazothionium bromide indicative 
of phenothiazine or of those derivatives that re- 
bromine test. 


were 
water 


was 


spond to the 

Total elimination of the drug in the 
with a modification of the bro 
mine method. Samples were dried in a hot-air 
oven at 75C., then were weighed and ground to 
a fine state. The samples were mixed, and 1-Gm. 
amounts were extracted with 95 per cent ethanol 
in three extractions. Each extraction 
was filtered into a 25-ml. volumetric flask and the 
volume was completed with filtered washings of 
the sample. Aliquots (0.1 ml.) were used in the 
analyses. Ten drops of saturated bromine water 
added rapidly to the 
held in a hot water bath for three 
then Each 
with 95 per cent ethanol. 
treatment with bro 


feces also 


was determined 


successive 


were samples in test tubes. 
The tubes were 
to five minutes, and 
was made up to 10 ml. 
The extracts were 
mine water eliminated the green color. 

Blanks prepared from an ethanolic ex 
tract of feces treated in the 
A standard was prepared from phenothia 
zine recrystallized from benzene. The 
were read in an Evelyn photoelectric colorimeter 
with a 520 M filter. 

Urine.—The urine 
and the total volume of each 
Samples for the analyses were 


removed. sample 


green, but 


were 


control same way. 
curve 


samples 


was collected at timed inter- 


vals collection was 
recorded. 
in tightly 
Phenothiazine 
were detected by 


HCl and a few 


stored 
stoppered bottles. 

derivatives in the 
adding 5 ml. of 
dilute ferrie 


fresh 
concentrated 


urine 


drops of chloride 
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solution to 1 ml. of urine, diluted previously with 
5 to 10 ml. of water. The 
gates were hydrolyzed by concentrated 
converted to bright mauve-colored 
characteristic of phenothiazine metabolites. 
The 


urine 


water-soluble eonju- 
HCl! and 
compounds 


colored extracted from 
with chloroform and through an 
alumina column to establish the parent derivative 
of the urinary conjugate, after the method of 
Lipson.” 


compounds were 


drawn 


Quantitative analyses of the urine were modifi 
eations of the method of Collier et al.” Urine 
samples were placed in an oven at 70 C. for about 
24 hours; evaporation was prevented. This 
cedure intended to any conjugate 
that might have precipitated. The samples were 
removed from the oven, shaken well, and 1 ml. of 
each urine sample was pipetted into its respective 
100-ml. volumetric flask. The samples were made 
up to volume with water. Aliquots (4 ml.) were 
transferred to test tubes for 
trated HCl (6 ml.) and 2 to 
ferric chloride solution were added to each sample. 
The samples were read in the Evelyn photoelectric 
colorimeter, using a 520 M filter. 


pro 


was dissolve 


analysis. Concen 


3 drops of dilute 


A standard eurve was prepared from the potas 
sium ethereal sulfate of leucophenothiazone. This 
compound had been isolated from bovine urine in 
this laboratory and subsequently identified.“ The 
conjugate might also be synthesized by the method 
of Collier et al.” The elimination of phenothiazine 
in the urine was estimated, using the conjugate as 
the standard. 
thiazone was synthesized by the fusion method of 
Houston et al.” The resulting phenothiazone was 
recrystallized repeatedly from Skellysolve-B. The 
product melted at 162C., uneorrected. It was 
presumed that the synthetic phenothiazone would 


Subsequent to the analyses, pheno- 


offer a more suitable standard compound. 

When 2 volumes of standard phenothiazone were 
treated with 3 volumes of concentrated HCl and 
dilute ferric chloride, the turned pale 
green. There appeared to be a shift in maximum 
absorption of the solution to the region of 420 u 
as detected on the Evelyn colorimeter. This shift 
was not studied spectrophotometrically. Equiva- 
lent solutions of phenthiazone, conjugated as the 
potassium sulfate, did not react in this manner, 
but beeame vivid red. 


solution 


Samples of synthetic phenothiazone were dis 
solved in hot water to determine whether the re- 
action with HCl was due to impurities. The solu- 
tion was filtered, the filtrate was extracted with 
benzene, and a chromatogram of the benzene ex- 
tract was made according to the method of Hous 
ton et al.” The driven off and the 
residue was taken up in water. Treatment with 
acid resulted in development of the green color. 
Solutions of the potassium ethereal sulfate of 
leucophenothiazone, isolated from the urine, were 
treated with a dilute ferric chloride solution. The 
resulting colored material was extracted with ben- 
zene, a chromatogram was made, and the benzene 
driven off. Solutions of the phenothiazone 


benzene was 


was 
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also decolorized 


this 
a pale green solution resulted. 


obtained from urine in 
to the extent that 


It would appear that the acid reaction is charae 


way 


teristic of phenothiazone, but not necessarily of its 
conjugation products. 

The slope of the standard curve obtained with 
the potassium ethereal sulfate of leucophenothia 
that obtained with 
behavior of the two 


zone positive than 
phenothiazone. The 
pounds should be reconciled; the labile nature of 


was more 
com 


the potassium ethereal sulfate of leucophenothia- 
zone may result in the appearance of both molec 
ular species in the urine of an animal treated with 
phenothiazine. The total elimination are 
not exactly quantitative for this reason. 
Milk.—The milked at 7 a.m. 
4 p.m. and gave about 10 Ib. of milk per 
Control milk collected before they 
treated. Samples of milk for later experimenta 
tion were preserved with mercuric chloride. 
One grade Hereford, milking 54 lb. per 
was given 100 Gm. of phenothiazine in boluses to 
test the effect of milking capacity on drug elimi- 


data on 


and 
day. 
were 


cows were 


was 


day, 


nation. 

Samples of pooled milk from 8 grade cows on 
a 2-Gm. daily dose schedule also were tested. 

Milk from 2 grade Holstein-Friesians, treated 
with 100 Gm. of phenothiazine in 
used primarily for chromatographic and spectro 
and for work involving 
Samples of milk from 
state for 


boluses, was 


photometrie analyses 
organic solvent extraction. 
these animals stored in the 
subsequent experimentation. 
Identification of the primary 
milk was done essentially by the chromatographic 


were frozen 


derivative in the 


and Houston et al..*° as 


and by 


Lipson 
milk, 


techniques of 
adapted for spectrophotometric 
analyses. 

Two parts of fat-free milk from animals given 
100 Gm. of phenothiazine in boluses were treated 


with 3 volumes of 30 per cent p-toluenesulfonie 
The after the 
was centrifuged and acidified with a 
of dilute HCl. The 


extracted with 


acid. serum was decanted mixture 


small amount 
fluid then 


chloroform 


pink supernatant 
The 
layer took on the pink color, and was separated. 
If an broken by 


fuging. The chloroform extract then was drawn 


was ehloroform. 


emulsion formed, it was centri 


through an alumina column. 

As a further test for the identity of 
pound, 10-ml. samples of whole milk, taken at the 
peak of drug elimination, were placed in a 50-ml. 
eentrifuge tube and 1.5 ml. of HCl 
and a few drops of dilute ferric chloride solution 
were added to each sample. The pink color was 
allowed to develop, after which the mixture was 
extracted with 10 ml. of benzene. The tube was 
stoppered and shaken well. An emulsion was formed 
which was broken by centrifugation. The super- 
natant benzene which contained the phenothiazine 


the «om 


concentrated 


derivative was separated and placed on an alumina 
column. The column eluted with benzene 
containing 20 per cent chloroform. According to 


was 
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Houston et al.," this procedure separates pheno- 
thiazone from its congeners. 

Spectrophotometric were carried out 
using the Cary recording spectrophotometer, model 
11. Standard phenothiazone was prepared by the 
fusion method of Houston et (melting point 
162 C., uneorrected). Chromatography of samples 
of the material after the method of Houston et 
al. revealed an pheno- 
thiazone. Spectra phenothia 
zone in benzene 


analyses 


absence of congeners of 


were prepared of 
(graph 1) and in 95 per cent 
ethanol (graph 2). 

Benzene milk 
treated with 100 Gm. of phenothiazine in boluses 
were used in the analyses. Milk samples, from the 
2 Holstein-Friesian cows, that contained the high- 
est concentration of drug metabolite were pooled 
for the extractions. Ten milliliters of whole milk 
from each cow was pooled in a 50-ml. centrifuge 
tube. Three milliliters of concentrated HCl 
added to the sample, followed by about 5 drops 
of dilute ferric chloride solution. The tubes were 
stoppered, shaken well, and the color allowed to 
The colored material was extracted from 
the milk with a minimum amount of 
Generally, a 10-ml. milk sample 
15 ml. of benzene in divided portions to extract 
the color. A blank was prepared with pooled con 
trol milk samples. In addition, 10 ml. of control 
milk was extracted with 15 ml. of benzene in di 
vided extractions. Synthetic 
added and the visible 
against the previously prepared blank (graph 1) 
The stability of 
periods up to five days was checked on the Evelyn 
spectrophotometer. 


extracts of whole from cows 


was 


develop. 
benzene. 


required about 


phenothiazone was 
spectrum was determined 


color various extractions for 
colorimeter and Cary 

Ten-milliliter samples from each of the 2 Hol 
stein-Friesians were pooled for six milking periods. 
The six samples and a pooled control each were 
extracted with two 10-ml. 
and centrifuged as described. 
extract were dried at 
dishes. Each 
of 95 per 


portions of benzene 
Portions of each 
room temperature in Petri 
with 10 ml. 
The visible absorption 


residue was extracted 
ethanol. 
spectra of the ethanolic extracts were determined. 
Evelyn 
photoelectric filter. 
The solutions were treated with 1 ml. of saturated 


cent 


The ethanolic extracts were read in an 
colorimeter, using a 520 M 
bromine water, shaken well, and placed in a hot 
water bath for three to five minutes. The samples 
were again to 
due to the presence of other phenothiazine deriva 
was taken to read the solutions while 
The 
of benzene in extracting phenothiazine 


read determine increase in color 
tives. Care 
warm, since they became turbid on cooling. 
efficiency 
from milk was not determined. 

Collier 
sulfonie acid to precipitate the protein of 
umes of fat-free milk from treated sheep. He 
analyzed the supernatant fluid colorimetrically for 
phenothiazine content. When this method was 
adapted for analyzing cows’ milk, it was observed 
that acidification of the protein precipitate re- 
vealed an amount of the drug adsorbed onto the 


used 3 volumes of 30 per cent p-toluene 


vol 
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Graph i—Visible absorption spectra of pheno- 
thiazone (51r/ml.) in benzene extracts of con- 
trol milk (A) and milk from treated cows (B). 


300 


milk protein. The material was difficult to extract 
from the coagulated protein with additional 30 
per cent p-toluenesulfon.e acid. This method of 
analysis was disearded. 

At first, a 
adopted. Ten milligrams of the potassium ethereal 
sulfate of leucophenothiazone was dissolved in 
100 ml. of water. Aliquots of this solution were 
adde@ to 18- by 150-mm. test tubes. Each tube 
concentration was increased by 0.1 ml. until the 
highest concentration was 100 wg. of the conju 
gate. Later, phenothiazone was used as the stand 
ard. Water was used to equalize all volumes in 
the tubes. Control milk (5 ml.) was added to each 
tube and a control was prepared by adding 1 ml. 
of water to 5 ml. of control milk. Samples (5 ml. 
of the milk Water (1 ml.) was 


visual method of analysis was 


were analyzed. 


° 


OPTICAL DENSITY 
° 


0-0 i 
300 400 500 600 
WAVE LENGTH IN MU. 
Graph 2—Visible absorption spectra of pheno- 
thiazone (5 r/ml.) (A) and the derivative from 
milk (B) in 95 per cent ethanol. 
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OPTICAL DENSITY 
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Graph 3—Visible absorption spectrum of pheno- 

thiazone (20 r/ml.) in benzene. 


added to each milk sample to obviate dilution 
error. To the standard tubes and tubes contain- 
ing the various milk samples from treated cows, 
10 to 20 ml. of concentrated HCl was added. All 
tubes then were shaken well and allowed to stand 
for about five minutes. The color in the tubes 
that contained unknown milk samples was com 
pared to the colors in the standard tubes. Read 
ings taken Later, 1 drop of 
dilute ferric chloride solution was added to each 
tube, which then was shaken The addition 
was repeated every ten to 15 minutes, comparing 
the tube contents each time, until the pink color 
was obscured by the color of the ferric ion. Ferrie 
chloride did not seem to increase the intensity of 
the color of milk in the standard tubes or in the 
Humin formation interfered 
time. There was 


were periodically. 


well. 


experimental tubes. 
with after 
time to make the comparisons. 

To test the effect of a variation in fat concen 
with the 
were 


color some ample 


tration in the standards as compared 
milk under 


added to commercial 2 per cent milk to give milk 


analysis, quantities of cream 


standards containing approximately 2, 3, and 4 
per cent fat. The readings obtained with these 
standards were compared. There was no appreci 
able difference in the readings due to variation in 
fat content over this range. 

Attempts were made to devise quantitative tech 
niques based on extraction of the colored materials 
from milk 
In preliminary work, it was found that n-butanol, 
Chlo 
extracting the 


whole with various organic solvents. 
toluene, and chloroform were unsatisfactory. 
roform was the efficient in 
drug metabolites from milk, but the compound did 
not appear to remain 
extracts. The chloroform 
lowish color upon standing and there appeared a 
spectral shift to the region of 420 mu, as detected 


most 


stable in the chloroform 


extract took on a yel 


on the Evelyn photoelectric colorimeter. 


Topp A M J VeT. REs 
JULY, 1958 


Benzene was found to give a stable extract. It 
chloroform in extracting 
milk, as deter 


was not as efficient as 
the colored from 
mined by recovery samples using synthetic pheno- 
thiazone. The corrected on the 
basis of the recovery obtained with known amounts 


material whole 


analyses were 
of synthetic compound. 

Senzene extracts were read in an Evelyn photo 
electrie colorimeter with a 490 mu filter (graph 
3). A standard curve was prepared from pheno 
thiazone in benzene. 

The analyses of the benzene extracts were com 
pared with analyses by the visual method, using 
phenothiazone as the standard. It is 
that the marked acidification of phenothiazone in 
resulted in alteration of the compound, 
whereas acidification of milk containing pheno 
thiazone did not appear to alter the compound. 


peculiar 


water 


RESULTS AND DISCUSSION 


Feces.—Fecal material passed by the 
treated animals appeared firmer after 
phenothiazine was given. The dried feces 
of those cows given boluses showed frag- 
ments of unchanged drug, indicating in- 
complete disintegration of the boluses and 
a lowered effective drug concentration in 
the digestive tract. 

For the 5 cows given boluses, phenothia- 
zine was first detected 6.0 to 17.0 hours 
(av., 12.6 hr.) after the drug was given, 
with peak drug elimination occurring at 
25.0 to 37.0 hours (av., 30.0 hr.). The du- 
ration of elimination varied from 60.0 to 
100 hours (av., 79.0 hr.) after the drug 
was given. The recovery of phenothiazine 
in the feces ranged from 54.0 to 67.0 Gm. 
(av., 62.4 Gm.) of the 100-Gm. 
(table 1). 

The amount of drug that appeared in the 
feces of animals given micronized pheno- 
thiazine was much smaller than for those 
given boluses. The 2 eliminated a 
total of 26.5 and 18.9 Gm., respectively 


dose 


COWS 


TABLE i—Elimination of Drug in the Feces of 
Dairy Cows Given 100 Gm. of Phenothiazine 


Peak Duration 


Initial elimi 


Total 
amount of elimi 


in feces detection nation nation 


(Gm. ) (hours) (hours) hours) 


PHENOTHIAZINE BOLUSES 

62.0 11.0 30 60.0 
67.0 15.0 2 93.0 
62.0 17.0 25 66.0 
67.0 6.0 37 75.0 
54.0 14.0 30 100.0 
62.4 12.6 30 79.0 
MICRONIZED PHENOTHIAZINE 

6.5 12.0 

9 11.5 


11.7 


2 
1 


9 
99 


(Average 2 
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(av., 22.7 Gm.). No aggregates of the drug 
were observed. There was no sharp peak 
of elimination, but a slight increase at 33.0 
hours after treatment. The first detection 
was about 11.7 hours after treatment and 
the last detection averaged 71.5 hours after 
treatment (table 1). The absence of a 
sharp peak for fecal elimination of the 
drug might suggest more complete mixing 
of the drug with the rumen contents. 

In these tests, the phenothiazine in the 
feces was estimated as unchanged pheno- 
thiazine. The bromine test does not distin- 
guish phenothiazine from phenothiazone,'® 
and possibly not from phenothiazine sulf- 
oxide and thionol. Phenothiazine and those 
derivatives that responded to the bromine 
test were estimated as unchanged pheno- 
thiazine. 

The chronology of elimination or absorp- 
tion of phenothiazine can be influenced by 
many factors. The chronology of elimina- 
tion of phenothiazine in the feces can be 
influenced by drug particle size, dosage 
form, motility of the alimentary tract, ¢a- 
pacity of the digestive tract, and type and 
amount of feed consumed. 

Dosage form might well influence the 
chronology of elimination of phenothiazine 
in the feces. Since boluses must disinte- 
grate, the time that phenothiazine in bo- 
luses remains in the rumen might be longer 
than phenothiazine as a powder and in- 
crease the time necessary to complete elimi- 
nation of the drug. The average duration 
of elimination in the feces was about 7.5 
hours longer for cows given phenothiazine 
in boluses than for cows given the micro- 
nized phenothiazine in capsules. If the 
drug were given as a powder mixed with 
feed, the chronology would be expected to 
be a direct function of gastric motility. 

The average amount of dry fecal ma- 
terial passed per hour was related inversely 
to the elimination of phenothiazine. <A 
high alimentary tract motility would de- 
crease the time to initial detection, time to 
peak elimination, and the duration of 
elimination of the drug. In these experi- 
ments, those cows that passed an average 
of more fecal material per hour also elimi- 
nated the drug much sooner. 

Urine.—Urine was of normal color when 
voided. Upon exposure to the air and after 
agitation, the urine from cows treated with 
100 Gm. of phenothiazine developed a 
bright red color. When urine 


such was 
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stored in tightly capped containers it re 
turned to normal color except for the sur- 
face, which remained a deep red. The 
decolorization presumably was due to re- 
ducing substances in the urine. Surface 
oxidation probably was responsible for the 
surface color. 

Upon acidification with concentrated 
HCl, fresh urine from treated cows turned 
a deep red. The reaction was apparently 
due to hydrolysis of a urinary conjugate. 
This conjugate has been isolated and iden- 
tified as the potassium ethereal sulfate 
conjugate of leucophenothiazone."* 

The red material was extractable with 
chloroform. When the chloroform extract 
was drawn through an alumina column, 
after the method of Lipson,*’ the greatest 
portion of the phenothiazine was present 
as phenothiazone. There was only a van- 
ishing trace of thionol. The presence of 
thionol was characterized by a slight ad- 
sorbed red band near the top of the 
column. 

The average total amount of the drug 
eliminated in the urine of the 5 cows given 
boluses was estimated at 19.0 of the 100 
Gm. The extremes of total eliminations 
were 13.0 and 22.0 Gm. Phenothiazine 
was detected as early as 4.5 hours and as 
late as 11.0 hours (av., 7.0 hr.) after ad- 
ministration. Peak elimination varied be- 
tween 24.0 and 38.0 hours (av., 28.4 hr. 
The duration of elimination varied from 
90.0 to 130.0 hours (av., 112.0 hr.) after 
administration (table 2). 

Of the 2 cows given 100 Gm. of micro- 
nized phenothiazine, the qualitative obser- 
vations for the urine were essentially the 
same. However, the phenothiazine elimi- 
nation in the urine increased markedly 
(table 2). The total eliminated by the 2 
cows was 55.7 and 53.0 Gm., respectively 


TABLE 2—Elimination of Drug in the Urine of 
Dairy Cows Given 100 Gm. of Phenothiazine 


Total 
amount 
in urine 
(Gm 


Peak 
elimi 
nation 


Duration 
of elimi 

nation 

(hours) 


Initial 
detection 


(hours) (hours) 


BOLUSES 
6.0 24.0 
4.5 28.0 
7.5 24.0 
11.0 38.0 
6.0 28.0 


7.0 28.4 


PHENOTHIAZINE 


MICRONIZED PHENOTHIAZINE 


26.0 
26.0 


Average 26.0 


(No 
1 21.0 90.4 
2 13.0 97.0 
3 19.0 116.0 
4 22.0 130.4 
5 20.0 125.0 
Average 19.0 112.0 
1 55.7 4.0 130.4 
132.5 
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(av., 54.3 Gm.). On the average, deriva- 
tives of micronized phenothiazine were de- 
tected at 5.5 hours after administration, 
peak elimination was 26.0 hours, and the 
duration of elimination 132.5 hours, nearly 
20.0 hours longer than when given in 
boluses. 

Increased absorption when the particle 
size of the drug was decreased may be due 
to a greater solubility rate in the ruminal 
organic materials and related to increased 
surface area. However, some investigators 
believe absorption, not necessarily ruminal, 
follows oxidation of the drug and that the 
greater surface area of the micronized drug 
would result in more drug being oxidized 
and then absorbed. 

There did not appear to be a correlation 
between the volume of urine passed and 
amount of drug eliminated in the urine. 
The average duration of elimination in the 
urine for the derivative of micronized 
phenothiazine was longer than for pheno- 
thiazine N.F., indicating a possible greater 
tissue saturation and higher concentrations 
of the compound in the blood. 

Milk.—The milk from all treated ani- 
mals was of normal color when expressed 
from the teat. Samples of the milk soured 
at room temperature within 18 hours. 

Whole milk samples from cows treated 
with 100 Gm. of phenothiazine in boluses 
did not turn pink upon standing at room 
temperature. However, when the milk was 
centrifuged at 2,000 r.p.m. (600 * g) and 
was freed of fat, the fat-free milk sample 
that contained the highest quantities of 
drug turned faintly pink when exposed to 
the air while refrigerated. Milk samples 
from animals treated with 100 Gm. of 
micronized phenothiazine turned a much 
deeper pink. 

No milk samples from the cows on the 
daily 2-Gm. dose of phenothiazine powder 
developed a pink color under any cireum- 
stances. 

Addition of concentrated HCl to 
ples of whole milk from cows treated with 
100 Gm. of phenothiazine resulted in an 
instantaneous pink color when phenothia- 
zine derivatives were present; milk from 
cows on the daily 2-Gm. dose did not 
develop the color. Addition of known 
amounts of concentrated HCl to specific 
amounts of control milk containing known 
added amounts of the potassium ethereal 
sulfate conjugate of leucophenothiazone or 


sali- 
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of phenothiazone proved that detection of 
about 2 p.p.m. of phenothiazone was 
possible. 

The chromatography of chloroform ex- 


tracts and benzene extracts of milk from 


treated animals revealed that the primary 
derivative in milk was phenothiazone, prob- 
ably conjugated in some way. The colored 


material migrated down an alumina col- 
umn in a manner characteristie of pheno- 
thiazone. 

Spectrophotometric analyses of synthetic 
phenothiazone in benzene gave a pattern 
similar to that of the benzene extract of 
milk from treated cows. There were ab 
sorption maxima visible at 360 mp and 
490 mp, and a minimum at 405 mp (graphs 
1, 3). Standard phenothiazone in 95 per 
cent ethanol gave essentially the same pat- 
tern as the colored material from milk in 
ethanol with maxima at 505 mp and 365 
my and a minimum at 420 my» (graph 3). 
The color appeared stable in benzene after 
standing for five days. 

It appears that the primary phenothia- 
zine derivative in milk is phenothiazone, 
possibly conjugated in manner to 
render it Presumably, the con- 
jugate would be converted to phenothia- 
zone in the acid stomach of a milk 
consumer. 

The 5 cows given 100 Gm. of phenothia- 
zine as boluses generally eliminated the 
drug in the following five to six milkings 
(table 3). Initial detection of phenothia- 


some 


cok yrless. 


TABLE 3—Elimination of Drug in the Milk of 
Dairy Cows Given 100 Gm. of Phenothiazine 


Peak 


elimi 


Duration 
of elimi 

nation 

(hours) 


Total 

amount 
in milk 
(Gm.) 


Initial 
detection nation 


(hours (hours) 


PHENOTHIAZINE BOLUSES 
0.059 5.5 
062 

113 

061 

O7R 

O75 
MICRONIZED PHENOTHIAZINE 
0.310 26.0 
0.266 6.5 26.5 


Average 0.288 26.3 


zone varied with milking time 
and its relation to time of drug adminis- 
tration. Phenothiazone was detected as 
early as 5.5 hours after treatment. This 
relatively early appearance of the drug in 
the milk could indicate absorption in the 


respect to 


| 
| 
Cow 
(No.) 
1 68.0 
2 70.0 
74.0 
4 79.0 
71.0 
Average 71.0 
86.2 
86.8 
86.5 
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anterior digestive tract, possibly the ru- 
men. The average initial detection time 
was 11.9 hours, and peak elimination 
ranged from 22.0 to 38.0 hours (av., 27.6 
hr.). The time for apparent total elimina- 
tion, which included possible trace quan- 
tities of drug, varied from 68.0 to 79.0 
hours after treatment (av., 71.0 hr.). 

In the 2 cows treated with micronized 
phenothiazine, the drug was detected 15.0 
hours after administration. This is not 
significant, since the animals were not 
milked for 15.0 hours. The average peak 
elimination was 26.3 hours after treatment 
and elimination continued for an average 
of about 86.5 hours. Phenothiazone was 
detectable in the first seven milkings. 

Analyses based on the visual method re- 
vealed that the average total amount of 
phenothiazone eliminated in milk by cows 
treated with boluses was equivalent to 
about 75 mg. of the 100-Gm. dose of pheno- 
thiazine. Peak eliminations of drug varied 
from 7.2 to 19.9 p.p.m. 

Total elimination of phenothiazone in 
the milk of cows treated with micronized 
phenothiazine averaged 288 mg., over three 
times the value for cows given boluses 
(table 3). Elimination peaks for the 2 
cows showed concentrations of 19.2 and 
30.0 p.p.m., respectively. 

Average total elimination figures for the 
cows treated with 100 Gm. of phenothiazine 
N.F. as boluses indicate that 62.4 Gm. was 
eliminated in the 19.0 Gm. in the 
urine, and 0.075 Gm. in the milk. Those 
cows treated with 100 Gm. of micronized 
phenothiazine eliminated an average of 
22.7 Gm. in the feces, 54.3 Gm. in the urine, 
and 0.288 Gm. in the milk. 

To test correlation between milk yield 
and drug elimination, 100 Gm. of pheno- 
thiazine in boluses was given to a grade 
Hereford cow that gave an average of 54 
lb. of milk per day, as compared with the 
average of 10 lb. per day for the other 
cows. Duration of elimination of pheno- 
thiazone was shortened to 39 hours, and 
peak elimination occurred 25 hours after 
treatment. The phenothiazine content of 
milk at the peak amounted to 5.6 p.p.m. 
The total amount of drug eliminated was 
equivalent to 142 mg. of phenothiazine, as 
compared with the average of 75 mg. for 
cows giving less milk. 

The addition of dilute ferric chloride 
solution to the acidified milk did not in- 
crease color concentration. 
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The milk from 2 Holstein-Friesians, each 
of which had been given 100 Gm. of pheno- 
thiazine as boluses, was analyzed by the 
visual method and compared with the 
colorimetric procedure involving solvent 
extraction of the milk. The peak elimina- 
tion of phenothiazone occurred at 24 hours 
(the second milking). Phenothiazone was 
readily detectable for five milkings after 
treatment, and traces were evident in the 
sixth milking. Total elimination of pheno- 
thiazone in the milk of these cows was 88 
mg. and 120 mg., respectively, as deter- 
mined by the visual method, and peak 
elimination concentrations were 6 p.p.m. 
and 7 p.p.m., respectively. 

Colorimetric analyses of benzene ex- 
tracts of the same milk gave slightly lower 
values; the total elimination as phenothia- 
zone was 69 mg. and 102 mg., respectively. 
Recovery samples were used to determine 
the efficiency of the analyses, as compared 
with the visual method. Preliminary work 
that involved extraction of phenothiazone 
from control milk and involved re- 
covery samples indicated that the extrac- 
tion of phenothiazone was on the average 
of only 65 to 75 per cent efficient. The 
percentage of recovery for each sample 


also 


There 
certain deviations which tended to 
point up the inadequacy of using recovery 
samples to gauge the efficiency of extrac- 
tion. For example, in one series of anal- 
yses, the fifth milking, after correction on 
the recovery, showed a greater 
elimination than the fourth milking. This 
inconsistency was not evident from visual 
analysis. It might have been more valid to 
use the potassium ethereal sulfate of leuco 
phenothiazone to determine recovery, since 
it does not seem subject to the acid effects. 
However, the extreme acidification of milk 
containing phenothiazone did not decolor- 
ize the compound in the visual method. 

The preliminary work involving solvent 
extraction of whole milk is encouraging. 
Benzene was the best solvent of those 
tested, but possibly a more efficient solvent 
can be found. 

Other methods of developing the color 
in milk should also be investigated. <A 
number of oxidizing agents, ¢.e., ceric am- 
monium sulfate, ferric chloride, sodium 
hypochlorite, hydrogen peroxide, potas- 
sium persulfate, and potassium chlorate, 
were tested as developers under acid con- 
ditions. Sodium hypochlorite, potassium 


was used to correct the analyses. 


were 


basis of 
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persulfate, and hydrogen peroxide had a 
decolorizing effect on phenothiazone and 
were discarded. Ceric ammonium sulfate 
and ferric chloride were the only suitable 
agents of those tested; ferric chloride was 
the most suitable. 

Pooled milk samples from 8 cows on a 
daily 2-Gm. dose schedule failed to give a 
positive test for phenothiazone, indicating 
the presence of less than 2 p.p.m. of pheno- 
thiazone. The milk soured readily; such 
milk has been made into 
fully.*? 

The amount of phenothiazine which is 
eliminated in the milk of treated animals 
appears to be small. The primary deriva- 
tive of phenothiazine in the milk is pheno- 
thiazone, possibly in a conjugated form. 
Further extractions and qualitative explo- 
rations for other possible derivatives 
should be undertaken. 


cheese success- 


SUMMARY 


1) The feces, urine, and milk of cows 
given 100 Gm. of phenothiazine N.F. in 
boluses and 100 Gm. of micronized pheno- 
capsules 


thiazine in for 
metabolites. 

2) Essentially unchanged phenothiazine 
was eliminated in the feces, a phenothia- 
zone ethereal sulfate in the urine, and a 
phenothiazone derivative in the milk. 

3) Duration of elimination after treat- 
ment of the drug and its derivatives varied. 
Fecal elimination averaged about 75.0 
hours, urine elimination from 112.0 to 
132.5 hours, and milk elimination from 
71.0 to 87.0 hours. 

4) Those cows treated with 100 Gm. of 
phenothiazine in boluses eliminated an av- 
erage of 62.4 Gm. in the feces, 19.0 Gm. in 
the urine, and 0.075 Gm. in the milk, a 
total of 81.5 per cent of the drug adminis- 
tered. Elimination of micronized pheno- 
thiazine in the feces amounted to 22.7 Gm.., 
in the urine to 54.3 Gm., and in the milk 
to 0.288 Gm., or a total of 77.3 per cent 
of the drug administered, 

5) A pink color developed only in fat- 
free milk from animals given phenothia- 
zine N.F. in boluses; the color was more 
intense in the fat-free milk from cows 
treated with micronized phenothiazine. 

6)*Pooled milk samples from 8 cows on 
a daily 2-Gm. dose schedule failed to give 
a positive test for phenothiazone, indicat- 


ing the presence of less than 2 p.p.m. of 


were analyzed 
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phenothiazone in the milk. The milk soured 
readily. Milk from these animals did not 
turn pink under any circumstances. 

7) Analysis of milk by a visual method 
was compared with colorimetric analysis 
of the same milk from 2 cows after treat- 
ment with 100 Gm. of phenothiazine N.F. 
in boluses. Total elimination in the milk 
of the 2 cows was 88 and 120 mg. of pheno- 
thiazone, as estimated by a visual method. 
Colorimetric analysis of the same milk gave 
a total elimination of 69 and 102 mg. of 
phenothiazone, respectively 
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Unipolar and Bipolar Electrocardiographic 
Studies in Dairy Cattle 


A. F. SELLERS, V.M.D., Ph.D.; A. HEMINGWAY, Ph.D.; E. SIMONSON, M.D.; 
W. E. PETERSEN, Ph.D. 


St. Paul, Minnesota 


THIS STUDY was undertaken in an effort to MATERIALS AND MerHops 
devise useable and reproducible electro- A total of 96 dairy animals was used for the 
cardiographic leads for cattle, which could ‘Study. These comprised 25 sets of identical twins 
. (1 identieal triplet set) and 45 unrelated animals. 
be most advantageously applied to the de- Tints: tention. 
tection of conduction changes, rhythm jows: adults, 50: heifers, 15: heifer calves, 6 to 
changes, and myocardial changes as, for 12 months of age, 31. Holstein-Friesians and 
Guernseys predominated, with a few Jerseys, Ayr 
shires, and Milking Shorthorns being included. 
The homozygous twin series was analyzed in com 
great variation from animal to animal, and parison with the unrelated series. 
in the same animal from time to time.! For the over-all purpose of the study, the ani 
mals also were considered as a_ single group, 


example, in clinical studies and studies of 
drug effects. Bipolar limb leads show 


From the Division of Veterinary Physiology and representative of the species, without regard to 
Pharmacology, University of Minnesota, St. Paul. Dr age, breed, or relatedness. 
Simonson is with the Department of Physiological It was decided to use the deflections in making 
rie > ) eterse Jepar » on ons 
Hygiene, and Dr. Petersen is with the Department of reproducibility comparisons. No systematie com 
Dairy Husbandry. Dr. Sellers is on a leave of absence mer ‘ ‘ 3 
Aig: parison of intervals, effects of heart rates, or of 
to the Physiological Laboratory, University of Cambridge individ 
England. Dr. Hemingway is now with the Medical individuals on intervals was made. 
School, University of California, Los Angeles Bipolar, as well as unipolar, leads were used. 
The authors thank Drs. E. N. Bergman, L. L. Larson, Twelve unrelated animals were subjected to sys 
G. C. Graf, E. A. Hokkanen, and L. A. Klein, for tematic unipolar exploration © as a means of arriv 


their help during this work ing at suitable anatomical loeations for bipolar 


Background figure from The Anatomy of the Domestic Animals by S. Sisson d D. Grossman, 4th ed 

W. B. Saunders Co., Philadelphia 1958 421 Used by permission 
Fig. 1—Locations of the unipolar leads used (see table 1). Vertical perimeters: (1) manu- 
brium, (II) point of withers, (III) 5th to 6th interspace, and (IV) 7th to 8th interspace. 
Horizontal perimeters: (A) %4 of dorsoventral distance, left; (B) '% of dorsoventral 
distance, left; (C) % of dorsoventral distance, left; (D) '% of dorsoventral distance, right; 
(E) ™% of dorsoventral distance, right; (F) 34 of dorsoventral distance, right; and (G) 

ventral midline, at points of intersection with vertical perimeters. 
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leads and a means of additionally defining the 
of the spread of the impulse in the 
Unipolar intraeardiae reeords 
for 
intraruminal 


as 
bovine 

made, 
Unipolar 
were 


nature 
heart. 
using 


were 


pressure criteria location. 


and records 
colt 


for 


intraesophageal 


made, stomach tube-electrode 
bly, 


distances were 


using a assem 


marked nostril-ceardia distances. These 
obtained by using cows with rumen 
and locations 

A 
The 


by 


fistulas. The topographic landmarks 
(fig. 1, table 1). 
direct-writing recorder was used.* 

the 
laid on with chalk, 
tested, 
(18-gauge 


used are shown hot-wire, 
hair 
clipping, 
and the inter 


subcutaneous 


was 


removed from entire chest area 


perimeters were 
sections were using needle 
needles ). 

of the 


pattern distribution 


electrodes hypodermic 


evaluation unipolar 


(a) 


for 
follows: 
(b) 


Criteria used 


leads were as 


around the chest, selection of leads with siz 


* Viso-Cardiette manufactured the Sanborn Co 


Cambridge, Mass 


by 


Unipolar 


12 13 14 tet 


zi 28) 


| 


ESOPH. RUMEN RT.A_| 


Bipolar 


" ju 


Fig. 2—Typical unipolar and bipolar series (No. 847, adult Guernsey female). 


distinct auricular potentials in No. 4 and 11; 
cardial potentials. 
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of 
deflections, 


able the mean ampli 
tudes of the major P, QRS, and T. 
The bipolar leads studied were the ‘‘standard’’ 
I, If, and IIT, and one ‘‘ preeordial’’ 
selected the basis of the unipolar 


amplitudes; (c) study 


limb leads, 
lead (IV 
study. 

Criteria used for evaluation of the bipolar leads 
as follows: (a) mean amplitudes of the 
major deflections, P, QRS, and T, which were 
absolute magnitudes, regardless of sign; and 
(b) study of the mean amplitude of the mono- 
phasic ventricular deflection, without regard to 
whether it was Q, R, or 8. 

The standard error of the mean in 
was divided by the mean in each case as an 
aid in studying the tabulations. 


on 


were 


t.€., 


each case 


addi 
tional 


RESULTS 
A typical unipolar and bipolar series is 
shown (fig. 2). The findings are sum- 


marized (tables 2, 3, 4). 


S 


Leads 


jt? 19 20 


28 


26) 27 


ij 


RT.V. 


Leads 


bai 


Note rather 


No. 14 and 21 show the best ventricular epi- 


Bipolar lead IV shows greater amplitude than limb leads I, II, or III, with 


distinct inscription of auricular and ventricular potentials. 


Esoph. 
ruminal lead, unipolar, 
atrium; rt. v. (top) 
rt. 


valve; v. 


intraesophageal lead, unipolar, 6 inches posterior to the thoracic inlet; 
12 inches beyond cardia; rt. 
intracardiac lead, unipolar, right ventricle, 1 inch beyond atrioventricular 
intracardiac lead, unipolar, right ventricle, 3 inches beyond atrioventricular valve. 


intra- 
right 


rumen 


a.= intracardiac lead, unipolar, 
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TABLE 1i—Summary of Unipolar Leads (Elec- 
trode Positions are Numbered Consecutively. Their 
Positions are Shown with Reference to Figure 1) 


Vertical perimeters 


perimeter 


< 


A (left) 

B (left) 

© (left) 

D (right) 

E (right) 

F (right) 

G (ventral midline) 


11 
12 
13 


14 


21 


Additional points 

Esophagus = 6 inches posterior to thoracic inlet 

Rumen = 12 inches beyond cardia. 

Right atrium. 

Right ventricle, 
valve. 

Right ventricle, 
tricular valve 


top: 1 inch beyond atrioventricular 


bottom 3 inches beyond atrioven 


There was considerable variation from 
animal to animal with the bipolar leads I, 
II, and III, with less variability, in gen- 
eral, using certain of the unipolar leads. 
With the unipolar system, certain leads 
(4, 11, 18) faced the auricles and showed 
the best auricular potentials. The esopha- 
gus lead resembled these but had greater 


TABLE 2—Mean Amplitudes (mv.) of Major Deflections in Ten 


s.e. of 
mean 
of 
mean 


No 
animals Lead 


8.e mean, 


100 


13.3 
50.0 
24.6 

100.0 
100.0 
75.0 
66.7 
100.0 
63.6 
66.7 


02 
.03 
.05 
.02 
.02 

03 
.02 
.02 
.07 


02 


15 
18 
Esoph. 


Certain of the ventral midline 


amplitude. 
leads (14, 21) showed the best ventricular 
epicardial potentials. The lead taken from 


within the rumen (‘‘cardia + 12 inches’’ 
appeared to be close to the transitional 
zone, with low amplitude. Unipolar lead 
18 (right side, below and slightly posterior 


TABLE 3—Mean Amplitudes (mv.) of P, QRS 
Bipolar 
s.e. of 
mean 
s.e. of 
mean 


No 
animals Lead 


I 
I] 
IV 


s.e. of 
mean 


mean, 


x 100 


QRS* 
0.23 
0.42 
0.34 


1.03 


0.16 
0.22 
0.20 


0.32 


95 
96 
96 
96 


0.03 
0.04 
0.03 
0.03 


60.0 
44.5 
50.0 
21.4 


0.05 
0.09 
0.06 
0.14 
* Absolute values of P, QRS and T, without 
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to the point of the withers) appeared 
(table 2) to show least variability, insofar 
as QRS deflection was concerned, of the 
ten unipolar leads selected initially. 

A bipolar lead (IV) with electrodes at 
(a) a point about a hand’s breadth below 
the point of the withers (corresponding to 
about ‘‘point 11’’ in the unipolar study), 
on the right side, and (b) a point just 
medial to the left olecranon, in the normal 
standing position (corresponding to about 
**point 21’’ in the unipolar study), showed 
less variability (tables 3, 4) from animal 
to animal than the other three bipolar 
leads used. It also was free from diphasie 
or partially isoelectric P waves, a point of 
interest insofar as measurement of P-wave 
duration, and PR interval, are concerned. 

An effort was made to assess the contri- 
bution of the homozygous individuals of 
the twin and triplet series to the appar- 
ently greater reproducibility of bipolar 
lead IV, as well as to assess the similarity 
of the homozygous individuals to each 
other in this respect. Trials were designed, 


Unipolar Leads 


of 
mean 


s.e. of 
mean 


8.e 


of 
mean 


of 
mean 


mean, 8.e mean, 


100 


8.e 


47.9 
56.0 
66.0 
95.0 
38.5 


0.19 
0.13 
0.49 
0.13 
0.18 
0.12 
0.21 
0.40 
0.30 
0.19 


0.11 
0.14 
0.33 
0.19 
10 
0.14 
0.13 


0.07 


0 
58.5 
61.9 

43.7 
41.0 
61.2 


0.09 


using 21 pairs of identical twins, of the 
same status with regard to stage of preg- 
nancy and lactation, were selected, and the 
individuals of a pair compared with each 
other. Twenty-one unrelated pairs then 
were studied, the individuals of each pair 
being alike in breed, stage of 


age, sex, 


, T, and Main Ventricular Deflection of Four 


Leads 


>. of 


mean 


s.e. of 
mean 


s.e. of 
mean Main 
vent 


defl 


of 


mean 


mean, 


of 


mean 


8.e 8.e 


mean, 
x 100 


mean, 
x 100 


0.15 


0.25 


69.7 
52.9 
59.0 
31.1 


0.08 
0.11 

0.09 
0.16 


75.0 
69.5 
64.4 


299 


0.18 


0.38 28 


regard to sign. 


I II ig 
l 15 
2 y 16 
3 10 17 
18 
6 20 
7 
0.06 0 0.35 54.4 0.23 
0.06 0 0.69 18.9 0.25 
0.21 0 1.70 28.8 0.50 
14 0.02 0 0.34 38.3 0.20 
21 0.02 0 0.42 43.0 0.26 
28 0.04 0 0.24 50.0 0.24 
16 0.03 0 0.50 42.0 0.21 
19 0.02 0 0.47 85.2 0.16 
0 4 0.11 0 0.76 39.5 0.22 
2 25 0.03 0m 0.61 31.2 0.18 
» 
T x 100 || 
0.13 61.5 0.20 
0.25 44.0 0.36 | a 
0.17 53.0 0.28 7 
| 
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ELECTROCARDIOGRAPHIC StTupIEs IN Dairy CATTLE 


TABLE 4—Distribution of Wave Types and Bipolar Leads 


No 
animals 


Lead 


93 I 

96 II 
94 III 
96 IV 


* Capital letters 0.3 mv. or more, lower case 
bined under QS or qs, as the case might be. 


pregnancy, and lactation. The results are 
summarized (table 5). 

Animal-to-animal differences were greater 
in the unrelated pairs (table 5). The 
group means were not significantly dif- 
ferent at the 5 per cent level (‘‘t’’ test). 
All of the leads compared (table 3) prob- 
ably were benefited to extent, as 
regards reproducibility, by the inclusion 
of identical twins. 


some 


DIscuSssION 


Apparently, heart position and condue- 
tion characteristics in this species are such 
that marked variability from animal to 
animal occurs in the ‘‘standard’’ bipolar 
limb leads. This study would appear to 
indicate that selected electrode locations 
may more reproducibly represent auricular 
and ventricular potentials. One such bi- 
polar combination, derived from the uni- 
polar study reported, has shown promise, 
and is currently being used in this labora- 
tory, in preference to the limb leads, for 
clinical studies and for studies on systemic 
effects of drugs in cattle. Lautenschlager,® 
using needle electrodes subcutaneously in 
cattle and horses, obtained greater ampli- 
tudes of all waves at a given location than 
when silver or zine plate-type electrodes 
were used, and arrived at similar conclu- 
sions regarding a favorable lead. The work 
of Spdrri*’ would tend to confirm these 
findings. 


Wave types* 


qR Qrs RS qRs QR 


+ negative deflection only 


Striking dissimilarities exist between the 
electrocardiographie records reported here 
and those for man and the dog.*,*® For 
examp!e, (a) there is discord in general 
reference to the QRS and T waves. In 
most leads in cattle, these waves are ‘‘dis- 
cordant’’ (i.e., the direction of the T wave 
is Opposite to the main deflection of the 
QRS complex). In man, the QRS and 
T waves tend to be ‘‘concordant’’ (7.e., 
the direction of the T wave tends to fol- 
low the direction of the major deflection of 
the QRS complex). (b) The QRS poten- 
tials, in general, tend to have opposite 
polarity in cattle to analogous locations in 
man and the dog. For example, in uni- 
polar leads 2 and 3 (fig. 2), the QRS is 
positive, but is negative in analogous loca- 
tions in man. Unipolar lead 15 gives a 
negative deflection of QRS in cattle, posi- 
tive in man and the dog. Thus, an entirely 
different pathway of activation must ob. 
tain in cattle. 

No detailed analysis of intervals was 
made in the present study. However, the 
duration of QRS ranged around 0.08 see. 
(0.06-0.12 sec., in another study!). This 
seems surprisingly small compared to the 
human heart, where the ventricular mass 
is much less. The range of QRS duration 
in man ® is given as 0.045 to 0.10 see. In 
left ventricular hypertrophy in human be- 
ings, a somewhat greater QRS interval is 


TABLE 5—Study of Bipolar Lead IV, as Regards Influence of Homozygosity on Repro- 
ducibility 


Mean differences in 


No 


Category pairs P 


Identical twins, same 21 
status (pregnancy, 
lactation ) 

Unrelated pairs, same 
status (age, breed, sex, 
pregnancy, lactation ) 


0.03 
(0.02)7 


0.04 
(0.03) 


* P, QRS and T, computed as to absolute magnitude, i.e., 


tion”’ amplitude of monophasic 
in parentheses 


ventricular wave, 


whether Q, R, 


magnitude 


Main 
ventricular 
deflection 3 


absolute (mv.)* 


QRS 


0.14 0 
(0.14) (1 


0.12 


3 
2) (1.10) 


1 
1 


0.22 


(0.21) 


0.21 
(0.22) 


0.20 
(0.19) 


regardless of sign. “Main ventricular deflec 


or S. 7 Standard error of the 


mean 


623 
24 5 21 17 5 12 2 } l 2 l 
5 7 28 iad 7 8 17 11 2 2 l 
ll 7 22 25 i 6 l 2 l 
16 I 74 5 
|| 
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expected,* presumably due to the greater 
muscular mass. 


SUMMARY 


1) The reproducibility of certain bipolar 
electrocardiographie leads was studied on 
96 normal, dairy-type cattle. 

2) A bipolar chest lead is described 
which appears to have promise for general 
use. 


References 

1 Alfredson, B. V ,» and 
graph Studies in Normal 
65, (1942): 61-87 

* Burch, G. E., and Winsor, T A 


Sykes, J F 
Dairy Cattle. J 


Electrocardio 
Agric. Res., 


Primer of Electro 


HEMINGWAY—SIMONSON— 


PETERSEN AM J VET RES 
JULY, 1958 


cardiography. 2nd ed Philadelphia, 
Pa. (1949): 245 pp 

> Dressler, W and 
Charles 


Atlas of Electro 
(1949) 


Roesler, H An 
cardiography Thomas, Springfield, Ill 
86—87 

*Lannek, N \ 
the Electrocardiogram in Dog 
Veterinary College of Sweden, Stockholm, 1948-1949 

5 Lautenschlager, O Aufnahmetechnik 
des Elektrokardiogrammes von Pferd und Rind und ihre 


Clinical and Experimental Study of 


Collected papers, Royal 
Grundlagen der 


Ergebnisse. Diss., Giessen, 1928 
*Nahum, L. H 
Cycle In “A Textbook of 
ed.) 17th ed. W. B 
(1955): 633—682 
Spoérri, H Der 
Arch. wissensch. u 


Electrical Correlates of the Cardiac 
Physiology (J. F. Fulton, 
Saunders Co Philadelphia, Pa 
Tuberkulose auf das 
Tierheilk., 79, (1944) 


Einfluss der 
prakt 


Barker, P. S. Electrocardiograms that 
Potential Variations of a 


J 9, (1934): 447-458 


Represent the 
Electrode. Am. Heart 


Single 


1-57 
pe * Wilson, F. N., Johnston, F. D., Macleod, A. G., and 


The Effect of Milk in the Diet of Calves and Rabbits upon 
the Development of Trichostrongylid Nematodes 


GEORGE H. ROHRBACHER, Jr., Ph.D.; DALE A. PORTER, Sc.D.; 
HARRY HERLICH, M.S. 


Auburn, Alabama 


SrncE piet has been found to affect the 
course of parasitism in a number of hosts, 
it is appropriate that, in studies of the 
factors operating in the helminthiasis of 
cattle, the effect of milk upon the deveiop- 
ment of nematode parasites be investi- 
gated, particularly since this substance is 
a normal food for young calves. 

Reports in the literature on the effect of a milk 
ration on a host-parasite system have been some 
what conflicting. Porter” larger 
of Nippostrongylus developing in rats on a 
of whole milk than in rats on a good stock ration, 


found numbers 


ration 


observed that dogs and eats on milk 
How 
found that giving cow’s milk to colts 


and Foster 
rations were more susceptible to hookworms. 
ever, Leese 
infected with strongyles was highly beneficial to 
Shorb and Spindler “ and Spindler et 
that, pigs 
skim three to five 
nematode were ex 
hetter 


the animal. 
when 
milk for 


parasites 


al.” have reported parasitized 
maintained on 
days, most of their 


pelled and the plg 


were 


made weight gains. 
that fewer Hae 


developed in ealves fed milk 


Porter reported in an abstraet 
monchus contortus* 
exclusively than in calves fed milk, hay, and grain, 
were given the number of 

The from the 
calves on milk also were smaller than those from 


when all calves same 


infective larvae. worms recovered 


the calves on a regular ration. 

These data are given in more detail in 
this paper. Also included are the results 
of some additional experiments designed 
and carried out to determine if feeding 
milk to the host would affect the numbers 
of trichostrongylids recoverable after ex- 
perimental and natural infections. Experi- 
ments 1 and 2 were conducted in 1941 and 
1942, experiment 3 in 1945', and experi- 
ments 4 and 5 in 1956. 


MATERIALS AND METHODS 


The calves used were grade Jerseys from cows 


Disease Research Labora 


Department of 


From the Regional Animal 
tory, Agricultural Research Service, U.S 
Agriculture, Auburn, Ala 

* Re-examination of the specimens has shown that the 
conformed to the description of Haemonchus 
The designation of H. placei is 
used paper to signify majority con 
formity with this description 

+ Conducted by G. E. Cauthen, who resigned June 7 
1947 


majority 
placet of Roberts et al. 
elsewhere in this 


or were purchased from local 
dairies than 48 old. All 


raised free of parasites in concrete-floored barns 


at this laboratory 


when less hours were 


or in portable pens* until used in experiments. 
The rabbits were grade California Whites, raised 
at this laboratory on wire, and were free of hel 
minth Animals were paired for experi 
mentation on the basis of age. 


parasites. 


milk 
ration were given only milk from birth to death 


All test calves restricted to an exclusively 
Except where otherwise stated, these calves wer 
fed 3 quarts of milk per day, half in the 
and half in the evening. Except in experiment 5, 


morning 


the grain ration for calves consisted of equal parts 
of yellow corn meal, wheat bran, and ground oats, 
plus 0.75 per cent salt. In experiment 5, a stand 
ration (16% pro 
those on milk 

leafy alfalfa 


ground 
fed. All 
pasture were fed No. 


ard commercial grain 


tein was ealves 
alone or on 
hay. The 


pelleted rabbit 


except 
rabbits were fed a standard commercial 
feed 15% protein ). All 
had salt and water available ad libitum. 


animals 
The Hae monchus placei, Trichostrongylus are 
Trichostrongylus colubriformis, and Ostertagia os 
tertagi used for experimental infections originally 
cattle, 
maintained separately in calves at this laboratory 


were obtained from and each had been 


for many parasite generations. Infective larvac 
eultured by the } 


Numbers of larvae used for 
counts. All 


were method described by Cau 
then.’ 
determined 


administrated per os. 


infections were 


by dilution larvae were 


Blood counts and determinations of packed cell 
volumes were made at not less than weekly inter 
vals. Blood studies were made only in experiments 
l and 2, 
with H. placei. 


oratory 


infections 
this lab 


parasites 


which involved experimental 
Unpublished data from 
that, with the 


used in this investigation, changes in the erythro 


have indicated 


cyte indexes of the host are of significant valu 


only in H. placei infections. Hydrogen ion eon 


abomasal contents determined 
electrically. Feeal 
the direct centrifugal flotation technique, 


sulfate as the flotation solution. 


centration of was 


examinations were made by 


with zine 
Calves intervals, rab 
bits three 
the numbers of 
lowed the 
addition, 
periment 


were weighed at 
week, 

different 
techniques deseribed by 
infeeted organs from the 
5 and from the rabbits in experiment 4 


weekly 
times a Necropsies to determin 
worms fol 
Porter.” In 
ealves in ex 


species of 


were digested, as described by Herlich,® sinee thes« 


animals were given small trichostrongyles. Recent 
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TABLE i—Number of Haemonchus Placei Recovered from Experimentally Infected Calves 
on Different Rations 


Body 
weight 


Ration 


Skim milk 

Skim milk, grain, hay 

Whole milk 

Whole milk, grain, hay 

1:2 skim milk-whole milk 

1:2 skim milk-whole milk 
grain, hay 

Whole milk 

Whole milk, grain, hay 

Whole milk 

Whole milk, grain, hay 


196 
199 
201 
200 


* At time of infection. 


work at this laboratory indicates that many small 
not 


less the infeeted organs are digested. 


gastrointestinal nematodes are recovered un 

Measurements of H. placei were made by taking 
a random sample of 100 males and 100 females, 
when available, from each calf and projecting the 
shadow (magnified 4 of individual 
worms upon the ground glass of a photomicro- 
graphic camera, tracing the enlarged 
paper, and determining the length of 
by the aid of a planimeter. 
restricted to Haemonchus species, since their rela 
tively large size facilitated a determination of any 
effect due to inelusion of milk in the diet. 


diameters ) 


shadow 
the worm 
Measurements were 


on 


EXPERIMENTAL DATA AND RESULTS 


Experiment 1.—Ten calves, 7 weeks to 
4 months old, were paired according to 


age. One calf from each pair had been 
raised on milk alone. All were given infee- 
tive H. placei larvae, each member of a 
pair being given the same number of lar- 
vae, and the calves were killed between 30 
and 37 days after infection (table 1). 

In ail cases, calves given only milk had 
fewer H. placet than did those given grain 
and hay in addition to milk. The effect on 
parasitism apparently is the same whether 
the milk is skimmed or whole. 


Average 

No daily 

larvae 
fed 


No. worms 
recovered 
at necropsy 


Days to 
necropsy 


gain 
(Ib.) 


98,000 0.05 
98,000 
26,000 
26,000 
10,500 
10,500 


282 
7 0.86 
0.46 
0.76 
0.49 


0.81 


2,838 
346 


,202 


20,000 0.14 
20,000 6 0.36 
20,000 0.17 
20,000 


It also would appear, from the weight 
gains, that the calves fed grain and hay in 
addition to milk were getting a better bal- 
aneed ration than those on milk alone. It 
is of interest that nematode ova never were 
found in the feces of animals given milk 
alone, but that 3 animals fed milk, grain, 
and hay showed a few ova starting on days 
25, 26, and 27 after infection, respectively. 

There were no marked differences in 
hemoglobin or packed erythrocyte volume 
between members of pairs. 

Experiment 2.—Three pairs of calves 
and one group of 3 were established on the 
basis of age. One calf from each group 
was weaned between 83 and 110 days of 
age. The animals were infected with H. 
placet, the members of each group being 
given identical numbers of larvae, when 
the calves were 103 to 127 days old. The 
animals were killed 30 to 35 days after 
infection (table 2) 

Except for calf 210, which was fed 1.5 
pints of milk every six hours, rather than 
1.5 quarts twice a day, the calves given 
milk had fewer H. placei at necropsy than 
did the weaned controls. With the excep- 
tion of calf 155, which gained less than its 


TABLE 2—Number of Haemonchus Placei Recovered from Experimentally Infected Calves 
on Different Rations 


Age (days) 


Ration Weaned Infected 


Milk, grain, hay 
Grain, hay 

Milk, grain, hay 
Grain, hay 

Milk, grain, hay 
Grain, hay 
Milk,* grain, hay 
Milk, grain, hay 
Grain, hay 110 


Fed 


1.5 pints every six hours 


weight 


Body No. worms 
recovered 


at necropsy 


Days to 


(1b. ) 


necropsy 


160 
165 
150 
142 
190 
190 
147 
145 


155 


5,000 : 1,016 
5,000 6,510 
5 2,197 
10,143 
,000 2,738 
,000 6,100 
000 7,000 
,000 4,402 
5,161 


“10 


626 
Call Age” || 
(No.) (days) (lb. ) 
122 90 
126 170 
5 70 
90 80 
60 72 
1 80 887 
54 75 174 
82 4,751 
52 80 1.599 
52 70 4,958 
Average 
— 
Calf 
155 127 1 
154 127 1 
202 115 2 
203 115 2 
207 103 1 
208 103 1 
210 111 1 
211 111 1 
212 111 
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control, those given milk gained more dur- 
ing the experimental period than did their 
controls. The difference in weight gain be- 
came apparent between the second and 
third weeks after infection. 

There were no marked differences in 
hemoglobin or packed erythrocyte volumes 
between calves on the two rations. 

Experiment 3.—Six calves, 3.5 to 4.5 
months old, were placed on pasture for 54 
days to acquire natural infection while 
grazing and to determine whether the ef- 
fects observed in experiments 1 and 2 
would occur under natural conditions. 
Three calves were given milk twice a day 
(table 3). All calves had a grain supple- 
ment available. When the differences 
between the means of the numbers of nema- 
todes recovered from the weaned and un- 
weaned calves were compared statistically 
by the ‘‘t’’ test, it was found that for H. 
placei the difference is significant at the 
10 per cent level, for O. ostertagi there is 
no significant difference, for Cooperia spp. 
the difference is significant at the 2 per 
cent level, and for Oesophagostomum ra- 
diatum, at the 5 per cent level. Cooperia 


spp. were combined for this investigation, 
since some parts of cooperids could not be 
identified with accuracy. 


The average eggs-per-gram count per 
calf for the last 38 days on pasture was as 
follows for the weaned and unweaned 
calves, respectively: total count, 630 and 
641; Cooperia and Ostertagia, 573 and 
575; Haemonchus and Oesophagostomum, 
54 and 28; and Nematodirus, 2 and 2. In 
a comparison of the egg counts with the 
numbers of worms recovered at necropsy, 
the unweaned animals had only 43 per cent 
as many worms as did the weaned. This is 
one more indication that egg counts de not 
necessarily reflect the number of worms 
present. 
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Experiment 4.—Three litters of rabbits 
were divided, at 4 weeks of a’e, into two 
groups per litter. One grou, from 
litter was weaned and given the commer- 
cial rabbit feed, which had been available 
to them while still nursing. The other 
group from each litter was maintained 
with the lactating female and also had the 
same feed available for supplementation. 
Two days after weaning, both groups of 
litters A and B were given 4,000 infective 
larvae of 7. arei, and both groups of litter 
C were given 6,000 infective larvae of T. 
colubriformis. These animals were killed 
and examined 18 days after infection. 

During the period of infection, appar- 
ently neither the ‘‘shock of weaning’’ nor 
a difference between ‘‘good and poor nu- 
trition’’ influenced the effects of the in- 
fections, as there was no apparent differ- 
ence between the average weight gains of 
the 7. arei-infected groups. The average 
weight gains more or continued a 
straight-line growth curve; at the 
start of the experiment, the weaned rabbits 
in litter B weighed an average of 411 Gm., 
while the unweaned ones weighed an aver- 
age of 388 Gm. At the end of the experi- 
ment, those in the weaned group weighed 
an average of 955 Gm.; the unweaned, 
925 Gm. 

The unweaned 7. colubriformis-infected 
group paralleled the T. azrei-infected 
groups in weight gain, but the weaned ani- 
mals weighed an average of 10 per cent 
less than did the unweaned ones by the end 
of the experiment. The difference in aver- 
age weight gains became apparent on the 
seventh day after infection and became 
progressively greater until the end of the 
experiment. 

The numbers of 7. arei and T. colubri- 
formis recovered are summarized (table 
4). Litter A proved more heavily infected 


each 


less 


e.g., 


TABLE 3—Numbers of Nematodes Recovered from Natural Infections of Weaned and Un- 
weaned Calves on Pasture 


Calves Age 
(No.) (days) 


Weaned 
779 132 
786 106 
781 110 
Mean 

Unweaned 
782 690 
783 470 
780 296 
Mean 485 


H. placei 


4.958 
1,098 
4.306 
3,454 


Total No. nematodes recovered at necropsy 


O. ostertagi Cooperia spp O. radiatum 


28,380 
26,120 
38,980 
31,160 


13,100 
13,220 
16,940 
14,420 


524 672 
25 396 
422 576 
324 548 
166 292 
28 120 
230 260 
141 224 
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TABLE 4—Number of Trichostrongylus Species Recovered from Weaned and Unweaned 
Experimentally Infected Litter Mate Rabbits 


No 


Group rabbits Nematode 


A-weaned 2 axrei 
A-unweaned axei 
B-weaned 5 . axrei 
B-unweaned 5 axei 
C-weaned 

C-unweaned 


colubriformis 


colubriformis 


than litter B. In litter A, ten times as 
many 7. axrei were recovered from the 
weaned group as from the unweaned group. 
In litter B, a little more than five and one 
half times as many 7’. axei were recovered 
from the weaned animals as from their 
unweaned litter mates. When 7. colubri- 
formis was used, the difference between 
the two groups was not so striking, for 
only twice as many worms were recovered 
from the weaned as from the unweaned 
animals. When the data for all three trials 
were tested statistically with the ‘‘t’’ test, 
the difference between the means was 


found to be significant in each case (P= 


<0.05, P=< 0.01, and P= 
tively). 

The sex of the host appeared to have no 
influence upon the results. 

In the 7. azxet infections, pathological 
changes were limited to the stomach, and 
the type and extent of the lesions were 
proportionate, at least in part, to the num- 
bers of nematodes recovered. In the case 
of the unweaned rabbits, only small dif- 
fuse hemorrhagic areas in the cardiae re- 
gion were found in 7, while 2 showed no 
cross changes. In the weaned animals, the 
stomachs were slightly edematous in the 
pyloric regions and exhibited small white 
nodules about 3 mm. in diameter. Seat- 
tered hemorrhagic areas in the cardiac re- 
were found in all weaned animals; 
showed ‘‘ringworm-like’ 


- 0.02, respec- 


4 also lesions 


Average No. worms recovered per rabbit 
Stages of development 
Adults 
Total 


Immature Mature 


295 


similar to those deseribed by Roth and 
Christensen for T. infections of 
horses and by Doran®* for calves. 

In the T. colubriformis infections, there 
were no gross pathological changes in the 
small intestine. All but 1 weaned rabbit 
had unformed feces in the large intestine; 
in 1, soft but formed fecal pellets were 
present. Only 1 unweaned animal had un- 
formed feces in the large intestine: the 
other 3 had hard, normal fecal pellets. The 
unweaned animal with soft feces had al- 
most no worms in the small intestine, which 
indicated that the infection was being lost 
by this animal. 

From the data obtained in this experi- 
ment, as shown by the number of worms 
recovered and by the synchronous develop- 
ment of TJ. colubriformis in the weaned 
rabbits, it would appear that this is a good 
host-parasite system for laboratory experi- 
mentation. 

Experiment 5.—To determine whether 
data obtained with rabbits infected with 
small trichostrongylids.can be applied to 
cattle, 4 unweaned, nipple pail-fed calves, 
3 months old, were used. 
weaned and given a ration of ground grain 
and alfalfa hay, whereas the other 2 con- 
tinued on milk plus a like ration of grain 
and hay. Fourteen days after these 2 were 
weaned, each of the 4 calves was fed 70,000 
T.. axei, 55,000 T. colubriformis, and 57.000 
O. ostertagi infective larvae. All 


[wo calves were 


calves 


TABLE 5—Number of Nematodes Recovered from Weaned and Unweaned Calves Given Mixed 
Infections Experimentally 


Age 


Ration and Calves (No (days) 


Milk, grain, hay 
1470 106 
1473 91 
Grain, hay 
1469 
1472 


At time of infection 


O. ostertagi T. axei 7 


Total No. nematodes recovered at necropsy 


colubriformis 


417,370 


16,800 


6,340 
11,750 


59,250 


44,850 


15,180 


10,560 
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3rd 
60 165 = 225 745 | 
10 40 7 17 74 | 
40 140 56 6 256 
15 17 } 10 45 
0 0.04 1,429 4,332 
0 0 l 2,117 2,118 
3,390 
9,720 | 
+360 
2,370 
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were killed 36 days after infection. The 
numbers of worms recovered at necropsy 
are summarized (table 5). There was no 
apparent difference between the worm 
loads of the weaned and unweaned calves. 

The weight gains of the calves were 
erratic. The data in this experiment are 
wholly inconclusive. 

The pathological changes in the aboma- 
sum were typical of infections with T7. 
aret. and O. ostertagi; both the ulceration 
produced by 7. axei* and the nodules 
caused by the penetration of O. ostertagi 
larvae were present. One unweaned calf 
had extensive inflammation of the first 10 
feet of the duodenum. 

The difference in results with the same 
species of parasites in experiments 4 and 
5 points up possible pitfalls in applying to 
one host-parasite system inferences derived 
from data from another host-parasite sys- 
tem. It is possible that the difference was 
due to the variation in protein content of 
the hosts’ milk (cattle, 3.5% ;° rabbits, 
10% *). It also is possible that, in the case 
of calves, whatever advantage milk might 
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have given was overcome by the large num- 
bers of the three species of nematodes 
acquired. 

The results obtained in this experiment 
with O. ostertagi were similar to those ob- 
tained in experiment 3 (table 3) with 
naturally infected no marked 
difference was found in either experiment 
in numbers recovered at necropsy between 
weaned and unweaned calves. 

Effe ct of Milk on the Size of Haemon- 
chus Placei.—The presence of milk in the 
rations of calves has a stunting effect on 
the over-all size of H. placei (table 6). On 
the basis of the number of worms recov- 
ered from the various animals at necropsy 
(tables 1, 2), this stunting is not due to a 
‘‘erowding effect,’’ but due directly to 
milk in the ration. In all cases, worms re- 


calves, as 


covered from animals fed milk alone were 
smaller in size than those recovered from 
animals fed milk, grain, and hay. 
the ages of the various pairs of animals 
and the number of worms given also varied 
with the pairs, no attempt was made to 
correlate sizes between experiments. 


> 
»ecauUuse 


TABLE 6—Comparison of Lengths of Haemonchus Placei from Paired Calves on Different 
Rations 


Female worms* 


Mean 
length 


Ration (mm.) 


Milk, grain, hay 


Milk 2 


Milk, grain, hay 


Milk 
Milk 


grain, hay 


Milk 
Milk, grain, hay 


Milk 


Grain, hay 


Milk, grain, hay 


Grain, hay 
Milk, 
Milk*** 


grain, hay 


grain, hay 
Milk, grain, hay 


Grain, hay 


Milk, grain, hay 


Grain, hay 3. 1.4 


Milk, grain, hay 1.3 


measured unless otherwise stated; 


worms measured; § 
less than 0.01 


*100 worms 


69 worms measured; 


7110 
105 worms measured 


Male worms* 


Mean 
length 
(mm.) 


10.9" 


10.0T7 0.14 
13.6 
measured * 102 


* fed 1.5 pints 


worms worms jneasured 


every six hours 


(No.) s.d 8. t s. d 8. 
90 1.3 1.1 
0.19 11.577 0.26 5.6 
82 ee 1.4 9.51 1.5 
125 CC 12.7 1.2 11.5 1.1 
0.15 15.1 0.21 10.7 
122 | 10.4 1.0 9.3 0.9 
199 Po 18.3 1.4 14.9 1.0 
1.20 18.7 21.2 
’ 196 14.6§ 1.1 12.1 0.9 
200 16.4 1.6 13.5 1.2 
0.19 6.0 14 
201 Ve 15.2 1.0 12.3 0.8 
212 Pe 17.8 1.6 14.1 1.0 
0.20 8.6 14 6 
211 a 16.0 1.2 13.2 0.9 
212 17.8 1.6 14.1 1.0 
0.21 4.4+7 0.16 
210 16.9 1.3 14.0 1.2 
210 16.9 1.3 14.0 1.2 
0.18 4.9 0.14 } 
211 16.0 1.2 13.2 0.9 
203 17.8 1.3 14.3 1.1 
0.18 30.77 13 12.1 
202 _ 14.8 1.3 12.7 0.8 
208 ee 14.4 0.9 
0.20 5.87 
207 
22 
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In all pairings except one, the differ- 
ences in size of worms between the calf 
given milk, grain, and hay and the ealf 
given only grain and hay were significant 
statistically (table 6). The female worms 
from calf 210 were significantly smaller 
than the ones from its control, but there 
was no significant difference in the size of 
the males. However, when worms recov- 
ered from calif 210, given milk in four 
allotments daily, were compared with 
worms from its mate, given milk in two 
allotments daily, the difference in sizes 
was statistically significant. 

Effect of Milk on the pH of Abomasal 
Contents of Calves——The presence of milk 
in the ration tends to neutralize the acidity 
of the abomasa of calves. During these ex- 
periments, it was found, on necropsy, that 
the pH of the abomasal contents of calves 
fed grain and hay varied between 2.50 and 
2.90. In ealves fed milk, grain, and hay, 
the pH was 6.30 one half hour after the 
milk feeding. It was found that, in these 
animals, within six to 18 hours after milk 
had been fed, the pH tended to reach this 
range for animals not fed milk. The abo- 
masa of animals maintained strictly on 
milk did not reach the acidity found in 
those fed grain and hay, but varied be- 
tween a pH of 5.75, one half hour after 
feeding, and 3.10, 18 hours after milk 
was fed. 

DiIscuUSSION 


Of particular interest in the first ex- 
periment is the fact that a ration composed 
exclusively of milk was markedly detri- 
mental to the development of H. placei in 
spite of the interference of the ration with 
the normal growth of the host, as reflected 


in poorer weight gains. On the basis of 
previous work with rations and helminth 
the undernourished condi- 
tion of the calves on the restricted diet 
should have been expected to favor the 
development of these blood-sucking para- 
sites, especially since cow’s milk is notably 
deficient in iron. Also, there was no dif- 
ference in either packed erythrocyte vol- 
umes or hemoglobin, indicating that the 
low iron in the milk ration plus the worms 
did not produce anemia in these animals. 

It would appear that, in the case of H. 
placei in calves, there is a direct correla- 
tion between the pH of the abomasum and 
the establishment of infection. The hydro- 
gen ion concentration also appears to have 
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an effect on the size of the worm, for the 
more the abomasum tends toward neutral- 
ity, the smaller the size of the worm. It is 
of interest that a majority of the Haemon- 
chus males had spicular measurements 
characteristic of H. placei, as described by 
Roberts et al.,'° rather than of H. contor- 
tus. Although the rations affected the total 
size of the worms, spicular measurements 
remained fairly constant. 

While the lesser infections observed in 
animals on milk rations might well have 
been due to the milk changing the ecologi- 
cal conditions in the gastrointestinal tract, 
as pointed out by Read," it also is possible 
that the difference might have been due to 
enzymes and other types of protein avail- 
able in the milk, or a combination of the 
two. Emerick et al.4 reported in an ab- 
stract that, when dicalcium phosphate was 
added to the basal salt ration of sheep 
artificially infected with H. contortus, re- 
duction in egg count, death losses, hemo- 
globin levels, and carcass grades were com- 
parable to those found in sheep given 
phenothiazine in their salt. It would, 
therefore, seem probable that the difference 
between infection levels of weaned and un- 
weaned animals is due, at least in part, to 
the calcium in milk. Whether the effect is 
due strictly to the buffering capacity of 
calcium salts or to other factors remains to 
be determined. 

In addition to the fact that different 
species of parasites were involved, it is 
possible that some of the difference be- 
tween the calves which were naturally in- 
fected and the small group which 
experimentally given mixed infections is 
due to the fact that the animals on pasture 
acquired their infections under normal 
grazing conditions. On pasture, the worm 
larvae probably were ingested in small 
numbers daily, while the other calves were 
given the mixed infections experimentally 
as a single large dose of larvae. 

The difference in degree of nematode in- 
fections between lambs from ewes lactat- 
ing poorly and those from ewes lactating 
well, as reported by Whitlock,'® may have 
been due to an actual difference in the 
level of nutrition between his two groups, 
or to the fact that the lambs of poorly lac- 
tating ewes might have ingested more in- 
fective larvae due to their need for heavier 
grazing, or by a combination of these fac- 
tors. In this investigation, the level of 
nutrition between weaned and unweaned 


was 
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calves on pasture should have been fairly 
comparable, since both groups were fed a 
grain supplement. It is possible that the 
weaned calves, as mentioned for lambs, 
acquired a higher degree of infection 
through heavier grazing; however, the 
manner in which the experiments with H. 
placei in calves and Trichostrongylus spp. 
in rabbits were conducted precluded the 
possibility of the weaned animals picking 
up more larvae than the unweaned ones, 
and both groups were maintained on a 
high nutritional level. 

The variable results reported with calves 
in this paper might be explained on the 
basis that different parasites were used 
in the different experiments. Haemonchus 
spp. are unique among cattle nematodes in 
that they are readily killed by a variety 
of anthelminties, whereas the three species 
used in the mixed-infection study are 
much more refractory to drug treatment. 
This would indicate that the relationship 
between Haemonchus and its host involves 
a delicate balance that can be upset easily. 

From the data presented in this paper 
and those reported by Porter,'! and from 
Whitlock’s field observations with sheep,'® 
it would appear that young herbivores fed 
milk usually do not acquire as high a nema- 
tode load as do their weaned counterparts. 


SUMMARY 


Fewer Haemonchus placei were recov- 


ered from experimentally infected calves 
fed milk alone than from calves fed grain 
and hay in addition to milk. Also, fewer 
H. placei were recovered from unweaned 
calves than from weaned calves, whether 
experimentally or naturally infected. In 
natural infections, unweaned calves also 
were found to have fewer Cooperia spp. 
and Oesophagostomum radiatum, but ap- 
proximately the same numbers of &ster- 
tagia ostertagi as weaned calves. It was 
demonstrated that milk in the ration of the 
host significantly reduced the size of H. 
placei. Significantly smaller numbers of 
Trichostrongylus axei and Trichostron- 
gylus colubriformis were recovered from 
unweaned rabbits than from weaned rab- 
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bits 18 days after experimental infection. 
However, results with 4 calves, each ex- 
perimentally infected with O. ostertagi, 
T. axei, and T. colubriformis, indicated 
that weaning of the host apparently had 
no effect upon these parasites in calves. 
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Relationship of Serum Transaminase to Naturally Occurring 
and Artificially Induced White Muscle Disease 
in Calves and Lambs 


KENNETH L. KUTTLER, D.V.M., M.S., and DONALD W. MARBLE, D.V.M. 


Reno, Nevada 


RECENT WORK in the field of human medi- 
cine has indicated an increase in the ac- 
tivity of serum glutamic oxalacetic trans- 
aminase with tissue 
destruction. 

Merrill et al.6 reported significant in- 
creases in cases of acute myocardial infare- 
tion and elevated transaminase values in 
necrosis of skeletal muscles resulting from 
vascular disease of the lower extremities. 
Other 5.6 have found ele- 


(sGoT), associated 


workers also 
vated transaminase values in myocardial 
infarctions. 

It has been shown that 
values inerease with disturbances of liver 
function, where significant areas of hepatic 
cells undergo necrosis.'” White and Hess ™ 
recently reported elevated trans- 
aminase levels in children suffering from 
muscular dystrophy, though adults affected 
with muscular dystrophy failed to show 
significant changes in the trans- 
aminase. Blincoe and Dye * found elevated 
serum sGcoT values in naturally occurring 
lambs. 


transaminase 


serum 


serum 


cases of white muscle disease in 
that increases 
might oceur 
consistently 


These findings indicate 
of the serum transaminase 
in sufficient magnitude and 
enough in cases of white muscle disease 
to provide a reliable test for this condition. 
Our experience with with white 
muscle disease of the cardiac type has been 
that few, if any, clinical signs occur before 
the death of the animal, making it difficult 
to follow the course of the disease. The 
availability of a suitable test to indicate 
the preclinical phases of the disease or 
mild subelinical would, therefore, 
provide a useful research tool, as well as 
possibly aid in the diagnosis of field cases. 


calves 


cases 
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MATERIALS AND METHODS 


Serum oxalacetic transaminase Was 
determined by the method of Cabaud et al.,* 
which is based on the method of Tonhazy et al.” 


glutamic 


Our procedure was to ineubate the blood serum 
for 20 minutes at 25 C. with phosphate buffered 
(pH 7.4) ketoglutaric 
The oxalacetic resulting from the 
tion of aspartic acid was reduced to pyruvie acid, 
which was 2,4-dinitrophenylhydra 
zine. The resulting hydrazone was extracted with 
toluene, and the brown color developed with aleo 


aspartic acid substrate. 


acid deamina 


reacted with 


holie hydroxide, which was measured 
(4,900 A 
expressed as the micrograms of 
erated, per milliliter of 


25 C. (seoT units/ml. 


potassium 
colorimetrically Enzymatic activity is 
pyruvie acid lib 


serum, in 20 minutes at 


Blood samples were allowed to clot and stand 


overnight at before collection 
After all erythrocytes 
centrifugation, the 


(—20 C, 


room temperature 


of serum. removed by 
serum frozen in a 
until tested. This treatment did 


to affect the seor levels. 


was deep 
freeze 
not appeal 

The 


ration of ealves to produce a condition similar to 


technique of adding cod-liver oil to the 


white muscle disease has been described.” “ Lambs, 
ration of skim 
added. The skim 
reconstituting nonfat, dry 
final 


~ to 4 weeks old, were placed on a 
milk to 
milk 
milk 
containing 16 per cent solids. 
ml. of this mixture was fed daily, being increased 
slightly as the animal grew older. At the time of 
mixing, cod-liver oil was added to skim milk in 
sufficient give each animal approxi 
10 ml. daily in the milk ration. 
white 


which cod-liver oil was 
was prepared by 
solid with 


water to give a preparation 


Approximately 720 


amounts to 
mately Lambs fed 


this ration developed signs of musele dis 
ease on” an average of 34 days after the cod-liver 
oil was started. 
consisted of the same skim milk mixture, but with 
out ecod-liver oil. Vitamin A added to the 
ration in the form of vitamin A 
concentrate, in an amount equal to that being fed 
the group on the cod-liver oil 


9,340 U.S.P. units per day. 


The ratior fed to control animals 


was 
control ester 


ration, which was 

Fourteen lambs (5 Hampshires, 4 Rambouillets, 
and 5 Columbias) were fed the cod-liver oil and 
skim milk ration. 
the beginning of the cod-liver oil treatment, and 
again when signs of white muscle disease occurred. 


Serum samples were taken at 


All animals developed signs of white muscle dis- 
skeletal 


ease, and 10 were necropsied. Lesions in 


[ 632 ] 
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muscles, grossly indistinguishable from those seen 
Four 
recovered following oral administration of 
d-clpha-tocophery! The treatment 
sisted of 600 mg. on the first day, and 450 mg. on 
each of the next two days. Five lambs (4 Colum 
bias and 1 Rambouillet) fed the 
milk ration, and were made at 
proximately the same age as for those developing 


in naturally oceurring cases, were observed. 
lambs 


acetate, con 


control 
ap 


were 
observations 


white muscle disease. 

Serum samples were taken twice weekly from 7 
of these lambs to determine the time and stage of 
development of the elevated transaminase values. 
Of the 7 controls on a skim milk 


lambs, 3 were 


Units 
SGOT 
8000 


7000 

Fig. 1—Levels of SGOT 6000 

the 

white muscle disease in 

lambs 129, 130, 131, and 
132. 


during course of 


5000 
4000 
3000 
2000 
1000 
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ration only, and 4 were on the ecod-liver oil and 
milk ration. 

Field white 
served in 17 farm flock 
3 to 8 weeks old, on three ranches in the Carson 
Valley of western Nevada. All 
black-faeced Suffolk-Rambouillet crosses. 
lambs with the disease found on one 
3 on another, and 1 on the third. Blood samples 
taken from lambs with characteristic signs 
of the disease. Eight of the 17 lambs, at least 1 
from ranch, were necropsied and the diag 
nosis confirmed on the basis of the gross patho 


skeletal which 


eases of muscle disease were ob 


lambs, estimated to be 
lambs 
Thirteen 


area were 


were ranch, 


were 
each 
muscles, were 


logical changes in 


54 414855 62 69 76 


Days O 7 1420 27 34 41 4855 62 69 76 


days 


DTS 


died, typical signs 
days after cod-liver oil was added to ration. 


signs of white muscle disease appeared 


Treatment began on day 51 


WMD 


, DTS 
WMD 
130 
WMD ' \ prs 
131 

DaysO 7 14 20 27 = 
8000 

7000 
6000 
5000 WMD 
4000 
3000 
2000 WMD _ \ 

132 
1000 
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TABLE 1—SGOT Values for Artificially Induced 
Cases of White Muscle Disease in Lambs 


Second blood 
sampling (SGoT 


First blood 
sampling 
(SGOT mean Av. time 
and standard 
deviation ) 


mean and 
standard 
deviation ) 


between 


Groups samplings 


14 lambs, fed 
cod-liver 
oil and skim 
milk ration. 
5 lambs, fed 
skim milk 
ration 


34 days 4,498 


days 


Treatment with the cod-liver oil and milk ration be 
gan at the time of the first sampling for the 
this ration. Lambs of comparable age were used in both 
+ Clinical white 
present at the second sampling; 


14 lambs on 


muscle disease 


no evidence of white 


groups signs of were 
muscle disease was seen among these lambs 

Serum glutamic oxalacetic 
are expressed in units per milliliter 


(SGOT) values 


transaminase 


similar to those described by Metzger and Hagan 
and Marsh.* 

For comparison, serum was collected from 4 ap 
parently normal lambs from the ranch having the 
heaviest addition, 
were taken from 21 normal lambs (6 Hampshires, 
8 Rambouillets, and 7 about 1 month 
of age, from the University flock, which has had no 
recent history of naturally occurring white muscle 


incidence. In serum samples 


Columbias ) 


disease. 

Serum samples from 5 Hereford calves showing 
signs of the disease were collected for transami 
nase determinations; 2 of these calves were from 
the Reno, Nev., area. Both of these calves were 
killed and, at necropsy, were found to have typi- 
eal cardiae lesions of white 
described by Vawter and Records.” The other 3 
ealves were from a ranch in the Carson Valley, 
Nev., area and showed stiffness indicative of 
skeletal muscle involvement. They treated 
with alpha-tocopherol by the owner subse 
quently recovered. 

Serum samples from two 
were collected. One group 
parently normal Hereford 
white muscle 
calves. The other group of controls was composed 
of 45 Hereford ealves from the herd, 
which has never had white muscle disease and is 


muscle disease, as 


were 


and 


groups of controls 
consisted of 21 ap 
calves on the ranch 


where disease was diagnosed in 3 


University 


not in a loeation where it usually occurs. 

Serum samples were taken from a 4-month-old 
Rambouillet lamb with 
month-old Rambouillet lamb suffering 
3-month-old Suffolk lamb with 
meningitis, and 6 Hereford 
and after castration. Serum glutamic 
transaminase determinations were 
indicate partially the 


photosensitization, a 5 
from myi 
staphylo 
before 
oxalacetic 


asis, a 
calves 
done on these 
samples to specificity of 
scot levels in white muscle disease. 


EXPERIMENTS AND RESULTS 


The transaminase values of lambs with 
artificially induced white muscle disease 
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are given (table 1). The increases in the 
scot levels obtained as a result of develop- 
ing the disease were striking, with in- 
ereases ranging from 25 to 170 times as 
high as the pretreatment serum levels. 
The results with lambs 129C, 130C, 131C, 
and 132C, which were given the cod-liver 
oil and milk treatment, and on which twice 
weekly observations were made, are shown 
(fig. 1). In animal 131C, the first evidence 
of significant increase in SGOT was ob- 
served on day 11, and the first clinical 
signs occurred on day 23. Animal 130C 
showed a high scot level on day 21, fol- 
lowed by clinical signs of white muscle 
disease on day 27. Both animals died on 
day 35, after typical illnesses. Lamb 129C 
had its first marked increase in 
day 27, with clinical signs following on 
day 31. Serum samples from lamb 132C 
first showed elevated scot on day 31, with 
signs of the disease occurring on day 39. 
In each instance, a marked increase in the 
seot level occurred before the onset of 
clinical signs. In these 4 lambs, the levels 


SGOT on 


of scot were roughly parallel to the se- 
verity of clinical signs. 


Lambs 129C and 132C treated 
orally with 600 me. of d-alpha-tocophery] 
acetate, 51 days after the cod-liver oil 
ation was started. This was followed by 
450 mg. on each of the next two days. 
Response to the treatment was marked, and 
both lambs apparently returned to normal. 
In both instances, the improved clinical 
appearance was accomplished by a redue- 
tion in the seor levels. 


were 


Two other animals were treated in the 
same manner at a time when clinical signs 
were present. At the time of treatment, 
the scot levels averaged 4,535 units per 
milliliter. Definite clinical improvement 
occurred after treatment. Seventeen days 
after treatment, the levels had 
dropped to an average of 417 units per 
milliliter. 


SGOT 


TABLE 2—Transaminase Values for Normal Con- 
trol Lambs Fed a Low Vitamin E, Skim Milk 
Ration 


No. of 
samples 


SGOT mean and 


Animal standard deviation 


Blood sampies were taken twice weekly for 11 weeks, 


while the lambs were on a ration of skim milk only 
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TABLE 3—SGOT Values in Blood Samples from 
42 Lambs, Under Field Conditions 


SGOT mean and 
standard deviation 


No. of 


Groups lambs 


Lambs with 
naturally occurring 
white muscle disease 
Normal lambs from 
affected flocks 
Normal lambs from 
disease-free flocks 


208 + 192 


56 + 


The seor levels of lambs 126C, 127C, and 
128C, which were fed a skim milk ration 
without the addition of cod-liver oil, were 
determined twice weekly for 11 weeks; a 
total of 23 blood samples was taken from 
each lamb (table 2). During a prolonged 
period on a vitamin E-deficient diet of 
skim milk, these lambs failed to show any 
marked fluctuation in their serum trans- 
aminase levels. 

A marked increase of the seor values 
occurred in lambs with naturally oceur- 
ring white muscle disease (table 3). Those 
with white muscle disease had an average 
of 2,574 units per milliliter, as compared 
with 56 units per milliliter for the control 
animals in a nonaffected flock. Of interest 
is the high average (208 units/ml.) among 
the apparently normal animals of an af- 
fected flock, as compared with the average 
of 56 units per milliliter in a nonaffected 
flock. The wide range of scot levels dur- 
ing the course of the induced disease is 
also seen among naturally occurring cases. 
Samples probably were taken from these 
field cases at various stages of the disease, 
which accounts, in part, for the high stand- 
ard deviation. 

There were marked increases in the scot 
values of 5 calves with white muscle dis- 
ease (table 4). The average was 524 units 
per milliliter, as compared with 56 units 
per milliliter for the control animals in a 
nonaffected herd. The control group of 21 
normal-appearing calves in an_ affected 


TABLE 4—SGOT Values in Blood Samples from 
71 Calves, Under Field Conditions 


No. of 


calves 


SGOT mean and 


Groups standard deviation 


Calves with 
naturally occurring 
white muscle disease 

Normal calves 
from affected herds 

Normal calves 
from disease 
free herds 


SERUM TRANSAMINASE IN 


Wuite Muscie DISEASE 635 


herd showed an average of 112 units per 
milliliter, as compared with 56 units per 
milliliter for 45 normal calves in a non- 
affected herd. 

A significant difference did not 
between calves with the cardiac type and 
those with the skeletal type of white muscle 
disease. The 2 calves with cardiac cases 
from which samples were obtained had 
saot levels of 295 and 890 units per milli- 
liter; the 3 calves with the skeletal type 
had levels of 369, 454, and 613 units per 
milliliter. 

There was little or no influence on the 
scot value as a result of staphylococcic 
meningitis in 1 lamb. There were no sig- 
nificant changes in the seor levels of 6 
calves as a result of castration. A lamb 
with photosensitization (big head) had an 
scot level of 850 units per milliliter, and 1 
lamb with myiasis had a level of 441 units 
per milliliter. 


occur 


DISCUSSION 


On the basis of these results, it appears 
that the consistent increases in the 
levels of lambs and calves with white mus- 
cle disease will be a reliable tool for 
in further research. This determination 
can be made easily in one and one half to 
two hours, when the proper laboratory 
equipment is available. It offers a possible 
index to the responses of animals with this 
disease to various types of conditions and 
treatments. The test also might be of value 
in determining the subclinical cases and 
thus give a clearer picture of the actual 
incidence of white muscle disease in herds 
and flocks. This would make possible a 
wider range of observations as te the cause 
and the conditions which are important in 
the development of the disease. It is prob- 
able that increases in scot levels may occur 
in other conditions, especially where tissue 


necrosis is present. 


SGOT 


use 


SUMMARY 


In 14 lambs with artificially induced 
white muscle disease, and in 17 lambs with 
naturally occurring cases, greatly in- 
serum glutamic oxalacetic trans 
aminase levels were found. 

The levels also were increased in 
calves with the skeletal and cardiae types 
of white muscle disease. 

Normal scot values were less than 
units per milliliter in both 


creased 
(SGOT ) 


SGOT 


100 


calves and 


= 
— 
4 
21 | 
5 24 = 236 
21 112 = G4 
45 56> 17 
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lambs. Signs of the disease usually oc- 
curred in lambs with levels of 2,000 to 
3,000 units per milliliter, and in calves 
with levels of 
liter. 

In 4+ lambs, an increase of the sGcor oe- 
curred before the development of clinical 
signs of the disease. 

Some normal-appearing animals in af- 
fected flocks and herds also had moderate 
elevations of the transaminase values. Con- 
trol animals from flocks and herds with no 
histories of white muscle disease had uni- 
formly low transaminase values. 


295 to 890 units per milli- 
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Effects of Oral Administration of Short-Chain Fatty Acids on 
Certain Blood and Urine Constituents of Fasted, 
Phlorhizin-Treated Ewes 


G. D. GOETSCH, D.V.M., Ph.D., and W. R. PRITCHARD, D.V.M., Ph.D., J.D. 


Lafayette, Indiana 


THE DEPENDENCE of ruminants on the 
end products of microbiological fermenta- 
tion as sources of energy has stimulated 
interest in the ultimate fate of the short- 
chain fatty acids in such animals. A re- 
lationship may exist between the relative 
availability of these substances and the 
blood changes observed in ruminant ketosis. 


Schultz and Smith “ observed that oral adminis- 
tration of acetic acid only moderately increased 
blood ketone levels in goats, marked 
increase was seen after butyric, caproic, ecaprylic, 
or caprie acid administration. They also observed 
a blood glucose-depressing effect of the latter four 
acids. and Clark and Malan* reported 
similar effects of intravenously or orally adminis- 
tered butyric acid in sheep. The marked gluco- 
genic effect of propionic acid in ruminants was 
reported by Schultz and Smith,” and its antiketo 
genic effect was observed by Jarrett and Potter.° 


whereas a 


Johnson * 


Phlorhizin is a 
which 
and 
glucose.” 
if administration is 
carbohydrate 
glycemia, ketonemia, 
nitrogen excretion.” 


occurring glucoside 
produces glycosuria in laboratory animals 
dogs by blocking tubular reabsorption of 
Its effects persist for several hours and, 
continued, a depletion of 
followed by hypo- 
marked 


naturally 


stores occurs, 


and a increase in 


In previous experiments,® it was found 
that fasting induced only a mild hypogly- 
From the Department of Veterinary Science, Purdue 
University, Lafayette, Ind. Submitted as journal paper 
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TABLE 


1—Effects of Water Administration on Fasted, Phlorhizin-Treated, 


cemia and ketonemia in nonpregnant 
ewes. In this study, a combination of fast- 
ing and phlorhizin administration was used 
to render the animals hypoglycemic and 
ketonemic. These animals were then used 
to determine the glucogenic or ketogenic 
effects of oral administration of short-chain 
fatty acids. 


MATERIALS AND METHODS 


Adult native ewes (12), weighing between 130 
and 150 lb., were allotted at random to groups of 
4 animals each, and each group was used to test 
one of the fatty acids. Before and between fast 
ing periods, the ewes were given approximately 
2 lb. of a mixture of ground oats and corn, and 
also were given aifalfa hay ad libitum. 

In each trial, the 4 ewes were subjected to a 
48-hour period of fasting and, twice 
daily, to injections of 1 Gm. of 
phlorhizin dissolved in 5 ml. of ethylene glycol. 
At the end of this period, 2 ewes were given the 
fatty acid orally, while 2 control ewes were given 
an equal volume of water. Bleod specimens were 
obtained at the beginning and end of the 48-hour 
fast and the period of phlorhizin treatment, and 
at one, three, six, 24, and 48 hours after adminis 
tration of the fatty acid. The blood sugar levels 
were determined by the Somoygi-Nelson “ method, 
and blood ketone levels by the method of Barnes 
Wick.’ Urine collected with a Bardex 
self-retaining catheter, which 


preliminary 
subeutaneous 


and was 


size 12 was con 
nected to a bottle containing toluene as a pre 
From 24 hours before to 48 hours after 


fatty 


servative. 


the administration of the acid, urine was 


Nonpregnant 


Ewes * 


Blood glucose 


Hours (mg./100 ec.) (mg 


Blood ketones 
100 ec.) 


Urinary urea 
nitrogen 
(Gm./24 hr.) 


Urinary 
glucose 
(Gm./24 hr.) 


0. 1.4 
4.5 


6 
6. 
5 


13.9+ 1.5 


0.6 


6.9 + 0.8 


13.7 + 1.0 


4 

2 
2 

9 
9 
9 


10.2 + 0.9 12.9+> 0.8 


5.8 


* Averages for 10 animals which served as controls for fatty acid administration trials; + fasting and 


phiorhizin (1 Gm. twice daily) treatments were begun; * water was given orally. 


[ 637 } 


487 
0* + 0.5 
1 31 
6 7.321 
24 §.2+=1 39.9 = 2.1 
48 + 1m 
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TABLE 2—Effects of Sodium Acetate Administration on Certain Blood and Urine Constituents 
of Fasted, Phlorhizin-Treated Nonpregnant Ewes (Averages for 4 Animals) 


Urinary Urinary urea 
Blood glucose Blood ketones glucose nitrogen 
Hours (mg./100 ec.) (mg./100 ec.) (Gm./24 hr.) (Gm. /24 hr.) 


w 


t te 


9. 


9.§ 49.0 + 4.9 5.7 ** 


12. 2.6 48.2 + 6.7 14.3 * 


t sodium acetate was given 
9 


* Fasting and phlorhizin (1 Gm. twice daily) treatments were begun; 
orally at a dosage of 1 grammole/100 lb. of body weight; ** 2 animals; tf significant difference at the 
per cent level. Statistical significance was determined, using the Fisher ‘‘t’’ test, for differences in paired 
samples, except that blood ketone values were compared to those observed in the water-treated control 
animals. 


collected. The 24-hour samples were pooled, and _ significant change in blood glucose levels 
glucose and either urea or total nitrogen deter- or jn urinary glucose or urea nitrogen 
minations were made. Urinary glucose levels were excretion after the oral administration of 
determined by the method of Benedict,’ urinary aseetic acid. A significant increase in blood 
urea nitrogen by the method of Folin-Youngburg,‘ we six ond 96} 
and total urinary nitrogen by the Koch-Me- eton¢ Svels WAS SIX aN os 
Meekin”” method. After each trial, the animals after treatment, but no change was seen 
were allowed free access to food and water for 48 hours post-treatment. The significance 
nine days; then the groups were reversed and the Of these observations was determined by 
trial was repeated. comparison with the ketone levels of the 
The fatty acids used in this study were acetic, animals after water administration 
propionic, and butyric, at dosages of 1 gram- (table 1). 
mole/100 Ib. of body weight. The fatty acids Propionic Acid.—After propionic acid 
were neutralized with sodium hydroxide, using administration, there was a significant in- 
phenolphthalein as an indicater, and diluted to 1 ¢rease in blood glucose levels at the end of 
liter with water before oral administration. one, three, six, and 24 hours post-treat- 
ment; the greatest increase was seen at the 
RESULTS end of the third hour. The levels were not 
significantly altered at the end of 48 hours. 
The blood ketone levels were significantly 
below those of the water-treated control 
animals at the end of 24 and 48 hours 
(table 3). These animals showed a marked 
increase in urinary glucose excretion dur- 


The control animals which were given 
water at the time of fatty acid adminis- 
tration showed no significant alteration in 
blood glucose, urinary glucose, or nitrogen 
levels during the subsequent 48-hour 
period. The nthe blood ketone levels ing the 48-hour period after propionate 
10.2 mg./100 ce. dur- administration; the average increase dur- 
ing this period (table 1). ing the first 24 hours was 33.0 Gm., and 

Acetic Acid.—The results of this trial during the second 24 hours, 18.9 Gm. Urea 
are indicated (table 2). There was no nitrogen excretion appeared to decrease 


TABLE 3—Effects of Sodium Propionate Administration on Certain Blood and Urine Con- 
stituents of Fasted, Phlorhizin-Treated, Nonpregnant Ewes (Averages for 4 Animals) 


Urinary Urinary urea 
Blood glucose Blood ketones glucose nitrogen 
Hours 100 ce (mg./100 ec.) (Gm. /24 hr Gm. /24 hr 


48 
F 

2.9+0.47f 69.2 + 6.9 it 


§.0+1.57f 55.2 + 3.0 


6 
24 
48 


© 


* Fasting and phlorhizin (1 Gm. twice daily) treatments were begun; {sodium propionate was ad 
ministered orally at 1 grammole/100 lb. of body weight; 2 animals: t significant difference at the 1 


per cent level (statistical significance was determined as described for table 2 


= 
— 
48 9 
07F 6+1.6 4.2+ 0.6 45.5 + 5.4 13.3 ** 
3 
6 8 +2.8 m@0+ 0.7 ft 
24 23.1 + 3.8 
48 22.8 +1.2 
= 3.8 
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TABLE 4—Effects of Sodium Butyrate Administration on Certain Blood and Urine Consti- 
tuents of Fasted, Phlorhizin-Treated Nonpregnant Ewes (Averages for 7 Animals) 


Blood ketones 
100 ec.) 


Blood glucose 
Hours (mg./100 ec.) (mg. 
43. 
27.7 = 
16.5 + 
19 = 
27.7 


26.0 


1 

1.8 § 
1.6 
1 


* Four animals; ¢ 3 animals; 
t sodium butyrate was given at a dosage of 1 


* fasting and phiorhizin (1 Gm 
grammole/100 lb. of body 


Total uri 
nary nitrogen 
24 hr.) 


Urinary urea 
nitrogen 
(Gm./24 hr.)* 


Urinary 
glucose 


(Gm./24 hr.) (Gm 


9.5 § 


13.0+1.4 


18.2 + 2.3 


15.0 = 0.5 


31.1 + 3.6 § 
85.6+ 3.4 § 
treatments were begun 
§ statistically significant 


twice daily) 
weight; 


differences at the 2 per cent level, determined as described for table 2. 


after propionate treatment in the 2 ani- 
mals studied. 

Butyric Acid.—Butyrie acid adminis- 
tration was followed by a significant de- 
crease in blood glucose levels at the end of 
one, three, or six hours post-treatment; 
no effect was seen at 24 or 48 hours. Blood 
ketone levels were markedly increased at 
the end of one, three, six, and 24 hours, 
with no change seen by the end of 48 hours 
when compared with the water-treated con- 
trol animals (table 4). The levels increased 
from an average pretreatment level of 5.2 
mg./100 ce. to an average high of 24.1 
mg./100 ce. by the end of three hours. 

The 24-hour urinary glucose levels were 
decreased after butyrate treatment, as 
were the urinary urea nitrogen and total 
nitrogen levels. High 24-hour levels of 
urea nitrogen (18.0 Gm.) were present in 
the urine before the administration of 
butyrate. This allowed the decrease to be 
large without the subsequent levels being 
substantially below those observed in the 
water-treated control animals. 


CONTROLS (10) 
———- ACETIC ACID (4) 
PROPIONIC ACID (4) 
——-—. BUTYRIC ACID (7) 


BLOOD GLUCOSE—MG /100 ML 


24 48 
HOURS 
Graph 1—Effects of oral administration of short- 
chain fatty acids on blood glucose levels of phlo- 
rhizin-treated ewes fasted for 48 hours. 


DISCUSSION 

The three fatty acids studied in these 
trials have markedly different effects upon 
blood glucose and blood ketone levels. Pro- 
pionic acid appears to be rapidly absorbed 
after oral adniinistration, and readily con- 
verted to glucose. This conversion occurs 
in the liver,® where propionic acid is first 
converted to succinyl-Co A.° 

The degree of hyperglycemia observed 
in these trials resembles that observed in 
goats by Schultz and Smith'* and in 
fasted or fistulated sheep by Johnson * and 
Clark and Malan.* The increase in glu- 
cose excretion of approximately 52 Gm. 
(0.3 moles) during the 48-hour post-treat- 
ment period, when compared with an aver- 
age dose of 14 grammole of propionic 
acid, indicates that over 40 per cent of 
the acid was recovered as urinary glucose. 
This calculation is based on the conversion 
ratio of 2 grammoles of propionic acid to 
1 grammole of glucose. 

The blood glucose-depressing effect of 
butyrate has been observed in goats by 


CONTROLS (10) 
-———-ACETIC ACID (4) 

“PROPIONIC ACID (4) 
—— — BUTYRIC ACID (7) 


n 
T 


8 


5 


BLOOD KETONE BODIES—MG./ 100 ML 


Graph 2—Effects of oral administration of short- 
chain fatty acids on blood ketone levels of phlo- 
rhizin-treated ewes fasted for 48 hours. 
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(_) 24 HRS. TREATMENT 
24 HOURS 
24 HRS 


GRAMS PER 24 HRS 


CONTROLS ACETATE PROPIONATE 
(10) TREATED (4) TREATED (4) 


Graph 3—Effects of oral administration of short- 
chain fatty acids on urinary glucose levels of 
phlorhizin-treated ewes fasted for 48 hours. 


BUTYRATE 
TREATED (7) 


Schultz and Smith,'* and in ewes by Clark 
and Malan.* No satisfactory explanation 
has been given for this effect. In these 
trials, liver glycogen stores undoubtedly 
were depleted before the administration of 
the butyric acid, so that the depression of 
blood glucose levels was clearly seen. 
Schultz and Smith '* observed no decrease 
in blood glucose after administration of 
ketone substances and concluded that the 
depression in blood glucose oceurs during 
the conversion of butyric acid to ketone 
substances. 

The apparent reduction in both urea 
nitrogen and total nitrogen excretion fol- 
lowing butyric acid administration could 
be due either to a reduction in exogenous 
protein available or to a decrease in endog- 
enous protein catabolism. The data sug- 
gest that the amount of exogenous nitro- 
gen available to these animals was still 
high at the time of the butyrate treatment 
and that the addition of this material to 
the rumen contents interfered with micro- 
biological synthesis of protein. Information 
relative to urea and total nitrogen excre- 
tion in an animal in a postabsorptive state 
would be desirable for comparison. 

The antiketogenic effect of propionic 
acid which was noticed in these trials 
appears to be correlated with its glucogenic 
effect. The mild ketogenic effect of acetic 
acid would seem to indicate that the great- 
est proportion of this material is metabo- 
lized by some other route than through 
ketone production. Reid,'* through arterio- 
venous studies of acetate levels in the heads 
of sheep, concluded that acetate is utilized 
directly by peripheral tissues in these 
animals. 
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The marked ketogenie activity of butyric 
acid, which was observed through the first 
24 hours, is similar to the findings of 
Schultz and Smith '* in goats. The rapid 
conversion of butyric acid to ketone bodies 
by the rumen epithelium which was re- 
ported by Pennington '! would explain the 
rapid rise in blood ketones which was ob- 
served. In comparing the ketogenicity of 
butyrate with acetate, it should be stated 
that, in these trials, equal molar quantities 
were given, making the carbon content of 
the butyrate twice that of the acetate. 


SUMMARY 


The fasted, phlorhizin-treated sheep used 
in these trials appear to demonstrate the 
effects of oral administration of short- 
chain fatty acids more clearly and dis- 
tinctly than do normal or fistulated 
animals. 

1) When acetic acid was given, the blood 
ketone levels moderately inereased, 
but there were no changes in blood glucose 
or urinary urea nitrogen levels, or in the 
degree of glycosuria. 

2) With propionic acid, blood glucose 
levels were markedly increased, the blood 
ketones were decreased, and the glycosuria 
greatly intensified. 

3) With butyrie acid, blood glucose levels 
were depressed, blood ketones were mark- 
edly increased, and glucose excretion was 
reduced. Decreases in total urinary nitro- 
gen and urinary urea nitrogen were also 
observed after butyrate administration. 


were 
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Experimental Infections in Lambs with Nematodirus Spathiger 


LEE SEGHETTI, D.V.M., M.S., and CLYDE M. SENGER, M.S. 


Bozeman, Montana 


KATES AND TURNER reviewed the litera- 
ture * on Nematodirus in sheep and inves- 
tigated the endogenous phases of the life 
cycle * of Nematodirus spathiger. In Eng- 
land, Kingsbury* reported heavy infec- 
tions of 2-month-old lambs with Nema- 
todirus, principally Nemetodirus battus, 
and concluded that there is strong cireum- 
stantial evidence for its causing scouring 
and deaths. Thomasand Stevens’ ob- 
served deaths in lambs, 6 weeks to 5 months 
old, heavily infected with Nematodirus. 
Counts of pasture larvae and ease histories 
that the infective larvae had 
survived from the previous fall. Poole ® 
found that third-stage larvae of Nemato- 
dirus filicollis will survive a temperature 
range of —65 to +74C., and that they 
survive longest in water at 30C. 


suggested 


For several years, at the Montana Veteri- 
nary Research Laboratory, experimental 
infections have been carried out in lambs 
using N. spathiger and, during the 1940’s, 
parasitic diarrheas in lambs which were 
thought to be caused by N. spathiger were 
investigated. At the time, Nematodirus 
was considered nonpathogenic. 

In 1949, a series of experiments was 
started to determine whether Nematodirus 
is pathogenic. No clinical illness resulted 
when 8,000 larvae were given to each of a 
group of 1-month-old unweaned Ram- 
bouillet lambs. Also, when the pasture was 
heavily contaminated by continual seed- 
ing with ova from artificially infected 
lambs, clinical parasitism was never 
observed. 

After Kates and Turner, in 1949, re- 
ported diarrhea and failure to gain nor- 
mally in lambs experimentally exposed to 
300,000 to 900,000 infective larvae of N. 
spathiger, a series of experiments was de- 
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RESULTS 

The signs of infection with larvae of 
Nematodirus were more severe in the 
younger lambs. In the first experiment, 
with lambs 6 weeks old, all those exposed 
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developed acute nematodiasis by the seven- 
teenth day and administration of larvae 
was discontinued (table 1). The lambs 
were depressed, listless, gaunt, failed to 
eat and, shortly before death, they passed 
fluid None of the control lambs 
showed signs of parasitism. 

Since the effects of administration of 
10,000 larvae daily were so severe, the 
number of larvae administered each day 
to the lambs, 2.5 months old, in experi- 
ment 2 was reduced to 6,000. However, 
since the lambs developed only a diarrhea, 
exposure was continued for 40 days, until 
the total inoculum was 50 per cent larger 
than that given in experiment 1. It ap- 
pears that the lambs at this age (2.5 
months) were becoming resistant to 
infection. 

In the third experiment, the lambs (6.5 
months old) showed no clinical signs which 
positively could be considered the resul 
of exposure to the Nematodirus larvae. On 
the basis of fecal egg counts and the worms 
recovered from the 1 lamb which was 
killed, they apparently developed few 
adult nematodes. 

In experiments 4, 5, and 6, all lambs 
were given a single inoculum of 80,000 
larvae. Both lambs exposed at 2 months 
of age developed diarrhea and died; of the 
7 exposed at 3 months of age, 1 developed 
diarrhea and died; the lamb which was 
exposed at 4 months of age showed only a 
slight change in the consistency of the 
feces which could not be termed a true 
diarrhea. 


feces. 
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Diarrhea was usually observed two to 
three days before or coincided with the 
appearance of ova in the feces. In experi- 
ment 5, diarrhea in several lambs preceded 
egg production by seven days, but it ap- 
parently was due to a mild natural infee- 
tion of coccidiosis. 

Nematodirus is a poor egg producer; in 
experiment 1, the highest egg count was 
9,332 ova per gram, but as many as 117,000 
mature Nematodirus organisms were re- 
covered from the intestines of 1 of the 
lambs which died. Ova usually appeared 
in the feces 14 to 17 days postexposure 
and counts reached a peak 17 to 25 days 
postexposure, then declined rapidly to an 
average of 10 to 100 ova per gram. In 
experiment 5, tue lambs were turned on 
pasture 53 days after exposure. None of 
the control lambs passed nematode eggs in 
the feces until moved to pasture, whereas 
all of the infected lambs passed Nema- 
todirus eggs with peak counts of 400 to 
4,000 per gram. After a month on the 
pasture, the exposed lambs averaged 244 
Nematodirus ova per gram; the control 
group averaged 22. Judging from the size 
and shape of the ova, all of the lambs had 
light infections of N. filicollis and other 
nematodes, in addition to the experimental 
infection of N. spathiger. 

Animals which died as a result of ex- 
posure to Nematodirus larvae harbored 
large numbers of mature worms (table 1). 
In all cases, the majority of the worms 
were mature. 

Weight changes were recorded for ani- 


TABLE 1—Results of Oral Exposure of Lambs to Infective Larvae of Nematodirus Spathiger 
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Fig. 1.—Average weights (in lb.) of 3-month-old 
lambs exposed to 80,000 infective larvae of Nema- 
todirus spathiger and of control lambs. 


mals in experiments 1, 2, 3, and 5. In ex- 
periment 1, during the first two weeks 
after exposure, the weights of the control 
and exposed lambs were the same but, in 
the fourth week, the 3 remaining exposed 
animals lost an average of 5.2 lb. In the 
fifth week, the 1 remaining lamb lost 11 
lb. In experiment 2, 46 days after the 
initial exposure, the control animals had 
gained an average of 3 lb. more than the 
exposed lambs. In experiment 3, by day 
73, the control animals had an average 
gain advantage of 3.3 lb. In experiment 5, 
where the lambs were weighed five times 
(fig. 1), the average initial weights at 3 
months of age were 57.1 and 57.2 lb. for 
each of the exposed and control lambs, re- 
spectively ; the average final weights were 
63.2 and 70.7 lb., an average difference of 
7.4 lb. more for the controls. 


DISCUSSION 


The effects of infection were of two 
types: mortality and failure to gain nor- 
mally. Deaths occurred only in the young 
animals, 1.5 to 3.0 months old. Weight 
differences between groups occurred in all 
experiments where weights were recorded. 
The most severe weight losses were associ- 
ated with animals which died. The weight 
differences were smaller for the older 
animals. 

A single inoculum of 80,000 larvae given 
to 3-month-old lambs caused severe diar- 
rhea, but caused death in only 1 of 7 ani- 
mals. The same number of larvae given to 
2 animals, 2 months old, caused the deaths 
of both lambs. All 5 lambs exposed daily 
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after 6 weeks of age died as a result of the 
exposure; probably only those larvae ad- 
ministered during the first few days con- 
tributed to the deaths. Therefore, about 
50,000 infective larvae will apparently 
cause the deaths of lambs 1.5 months old; 
80,000, of lambs 2 months old; and 80,000 
may cause the deaths of lambs 3 months 
old. 

Despite relatively small numbers of 
lambs used in these experiments, it is clear 
that the lambs older than 3 months showed 
a marked resistance to Nematodirus. Ob- 
servations on field cases of Nematodirus in- 
fections generally have been made in the 
fall and early winter when the lambs were 
6 to 8 months old, newly weaned, and on 
lowland pastures. It would seem that fac- 
tors other than exposure to infective lar- 
vae caused the infection to appear. 


SUMMARY 


Third-stage infective larvae of Nema- 
todirus spathiger were given orally to 
lambs in a series of six experiments. Some 
of the lambs, up to the age of 3 months, 
died after being given either a single dose 
of 80,000 or more infective larvae, or a 
somewhat larger number over two to four 
weeks. Lambs older than 3 months showed 
only a transient diarrhea after exposure. 
Diarrhea preceded ova production up to 
three days. Failure to gain weight nor- 
mally varied from slight in lambs with 
mild infections to marked in those which 
died of the parasitism. 
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A Septicemic Disease of Lambs Caused by 
Hemophilus Agni (New Species) 


PETER C. KENNEDY, D.V.M., Ph.D.; LILLIAN M. FRAZIER; 
GORDON H. THEILEN, D.V.M.; ERNST L. BIBERSTEIN, D.V.M., Ph.D. 


Davis, California 


DuRING THE SUMMER of 1957, a disease 
which had unique clinical and pathological 
features appeared in lambs of the breeding 
flock of the University of California. The 
disease was rapidly and uniformly fatal 
to the affected lambs, and from 9 of these 
animals we were able to recover a previ- 
ously undescribed organism. This report 
details these findings. 


CLINICAL FEATURES 


All losses in the flock were confined to a 
group of 120 lambs, 6 to 7 months old, 
representing several breeds and 
They were in excellent condition, the best 
of accepted management practices having 
been followed. During the summer, they 
were pastured on Ladino clover and, in 
addition, the ram lambs received a hay 
and grain supplement. Although the pas- 
tures were good in terms of feed available, 
many were severely infested by Hordeum 
leporinum (foxtail), and the spikelets of 
these plants had caused multiple puncture 
wounds in the skin of all animals examined. 

Five lambs in this group died suddenly 
in the latter part of May. These losses 
were thought to be due to enterotoxemia 
and the entire group was given entero- 
toxemia antitoxin. No further losses oe- 
curred in May, and the flock was shorn 
and vaccinated for bluetongue. Coinci- 
dental with the shearing and preceding 
the vaccination, 2 animals died. Losses 
continued through the middle of July, 14 
more lambs dying during this six-week 
period. Only rarely did more than 1 ani- 
mal die each day. 

The lambs had usually been found dead 
or in extremis but, as the herdsman became 
more apprehensive, he noticed in twice 
daily examinations that the affected lambs 
were depressed, febrile, and extremely re- 
luctant to move, thus resembling lambs 
suffering nutritional myopathy. When de- 
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pression first could be recognized, the fever 
usually exceeded 107 F. All untreated, 
affected lambs died, usually within 12 
hours of illness, but 5 lambs thought to be 
affected apparently responded to strepto- 
mycin therapy. 

Since mid-July, only 1 lamb died and 
no more sickened. 


Necropsy FINDINGS 


The most striking and constant feature 
of this disease was the presence of multiple 
hemorrhages throughout the careasses. 
There was some individual variability with 
respect to size and location but, character- 
istically, eechymoses were present in the 
subcutaneous, subserosal, intermuscular, 
and loose connective tissues. In the more 
extreme forms, usually seen in lambs dying 
after a short period of illness, these hemor- 
rhages were as obvious as those associated 
with enterotoxemia. The animals which 
survived longer were more likely to have 
the hemorrhages confined to the periar- 
ticular connective tissue and the adventitta 
of the great vessels. In all cases, the inter- 
muscular connective tissue was edematous 
and, usually, slightly stained with blood, 
giving the muscles a moist appearance. In 
addition to the large intermuscular hemor- 
rhages, small streaks of hemorrhage could 
be seen in the muscle proper (fig. 1). These 
were most easily seen in pale muscles. 

The livers were involved regularly, the 
degree and type of damage apparently be- 
ing related to the acuteness of the disease. 
In animals with the most acute cases, only 
minute pale foci, 0.5 to 1.0 mm. in di- 
ameter, could be seen scattered through- 
out the parenchyma. In lambs which sur- 
vived longer (24 to 36 hours), the hepatic 
foci were larger, irregular, and surrounded 
by a hemorrhagic ring (fig. 2). At all 
stages, these lesions could be best 
through the intact liver capsule. 

The spleens of all affected lambs were 
engorged and the pulp was soft and juicy. 


seen 
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Fig. 1—Supraspinatus muscle from a lamb, show- 
ing intermuscular and muscular hemorrhages. 


There were hemorrhages around the hilar 
and 
attachment. 

Lambs which survived 24 hours or more 
developed a fibrinopurulent arthritis. 


vessels along the line of ruminal 


Al- 
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though all joints of the appendicular skele- 
ton sometimes were affected, the changes 
were easiest to recognize in the stifle joints. 
In the earliest stages, there was only a 
slight increase of joint fluid, which con- 
tained small bits of fibrin. In animals with 
the most severe cases, the joint capsules 
and tendon sheaths were distended by a 
thick gelatinous exudate. In addition to 
the joints of the appendicular skeleton, the 
atlanto-occipital articulations were in- 
volved regularly. 

Most of the lymph nodes were edematous 
and hemorrhagic, reflecting the severity of 
the damage in the area drained. The kid- 
neys were largely unaffected, but small in- 
farcts and multiple petechiae were seen in 
the renal cortices of 1 lamb. Most of these 
lambs had died of asphyxiation, resulting 
from pulmonary and edema. 
The lungs failed to collapse normally when 
the thorax was opened and the larger air 
were filled with blood-tinged 


eongestion 


passages 


Fig. 2—Liver of a lamb, 
showing foci of necrosis 
and hemorrhage. Lesions 
of this 
only if the animal sur- 
vived 24 to 36 hours. 


size developed 
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froth. Lung changes more specific than 
these were not thought to be associated 
with this This view is slightly 
arbitrary like the majority of 
lambs in this area, these had small con- 
solidated areas in the ventral portions of 
the apical, cardiac, and diaphragmatic 
lobes of the lungs which were thought to 
be evidence of pre-existing enzootic pneu- 
monia and unrelated to the primary 
disease. 

The which survived 
veloped a basilar meningitis, with a milky 
cloudiness of the meninges on the ventral 
surface of the brain. 

Multiple hemorrhages were found regu- 
larly in the thymus and mammary glands, 
and in the abomasum and intestine. Ocea- 
sionally, free blood was present in small 
amounts in the abomasum. 


disease. 


because, 


lambs longest de- 


HisToPpATHOLOGICAL CHANGES 

The basic histological lesion character- 
istic of this disseminated bac- 
terial thrombosis, which leads to a severe 
focal vasculitis. There is a remarkable 
predilection of this thrombosis for the 
vessels of the liver and skeletal muscles 
but, with few exceptions, no organ was 
free of this lesion. 

The details of this change could be seen 
best in the livers. The earliest changes 
involved the smaller portal vessels, inlet 
venules, and peripheral sinusoids, where 
small thrombi formed without demon- 
strable endothelial changes or vasculitis 
(fig. 3). Bacteria could be seen in many 
of these thrombi, and some appeared to be 
composed entirely of masses of bacteria 
(fig. 4). This evidently was a fleeting 
stage. Even in the animals with the most 
acute cases, there were areas in the liver 
where this change had progressed to an 
acute vasculitis, with hemorrhage and 
dense infiltration of inflammatory elements 
into the thrombus, the vessel wall, and the 
surrounding tissues (fig. 5). This, in turn, 
led to more widespread thrombosis involvy- 
ing the hepatic artery branches and larger 
branches of the portal vein. Hepatic cell 
damage appeared to result both from the 
vascular changes and by direct extension 
of the bacterial process (fig. 6). Large 
irregular areas of necrosis rarely devel- 
oped in lobules surrounding affected portal 
vessels. 

The pattern of damage in the skeletal 
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muscles was essentially similar to that seen 
in the liver. The lesions which appeared 


grossly as hemorrhagic streaks consisted 
of capillary and venous thrombosis with 
secondary hemorrhage, vasculitis, and fo- 


As in the liver, the 
bacterial 
venules. 


cal myositis (fig. 7). 
earliest lesions consisted of 
thrombi plugging the smaller 
This led to a necrotizing vasculitis and, by 
extension, to a myositis of the surrounding 
muscle fibers. The sarcoplasm of affected 
muscle fibers became swollen, acidophilic, 
and lost its striation. At this stage, no 
sarcolemmal nuclear changes were 
The swollen sarcoplasm appeared to rup- 
ture and was rapidly infiltrated by neutro- 
phils. The reaction confined to 
muscle fibers, but was regularly more se- 
vere in them than in the surrounding con- 
nective tissue. 

The lungs regularly were congested and 
the alveoli filled with a protein-rich fluid, 
but no other inflammatory changes re- 
lated to the primary disease were seen. 

Thrombi were not found regularly in 
other organs although, in individual ani- 
mals, septic thrombi were seen in kidneys, 
intermuscular connective tissue, meninges, 
choroid plexuses, and joint capsules. The 
gross counterpart of this thrombosis was 
difficult to recognize in many 
that such a finding in organs other than 
muscles and livers was largely accidental. 
For this reason, it was felt that the tend- 
ency to localize in liver and skeletal muscle 
was a quantitative rather than a qualita- 
tive one. 

The spleens and lymph nodes of these 
animals were less uniformly affected. The 
spleens in all animals were congested, and 
focal areas of necrosis of the red pulp were 
present in some. As elsewhere, this necrosis 
was associated with bacterial thrombi. The 
pattern of damage in the nodes was vari- 
able, even within a single lamb. The 
changes varied from modest congestion 
and edema to severe alterations with hem- 
orrhage and mature lymphocyte destrue- 
tion. Less frequently, acute inflammatory 
lesions were present, in which the afferent 
lymphatic vessels and cortical sinuses were 
filled with neutrophils and, more rarely, 
with bacteria and thrombi. 

These lesions were observed originally 
in lambs dying of the natural disease. They 
also were found in our experimental ani- 
mals and have been described because the 
data concerning the time of their develop- 


seen. 


was not 


organs, 80 


Fig. 3—Portal area of a hepatic lobule from a lamb, showing early lesions, i.e., thrombosis 
(B) of portal vein branches, colony of bacteria occluding small vessel, and minimal inflam- 
matory reaction in the peripheral portions of the lobule. x 400. 


Fig. 4—More extensive portal vein thrombosis and inflammatory reaction (B indicates bac- 
terial thrombi). x 200. 


Fig. 5—A later stage shows the entire portal area involved by an acute inflammatory reaction. 
x 100. 


Fig. 6—A still later stage shows the result of the confluence of several portal areas with 
inflammation and infarction of the intervening parenchyma. x 50. 
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impressions 


ment conformed to clinical 
and were more precise. 


THE EXPERIMENTAL DISEASE 


Although the organism recovered from 
these lesions failed to produce disease in 
laboratory animals, except after intra- 
cerebral inoculation in day-old mice, it 
readily killed lambs when given paren- 
terally. A total of 29 grade lambs, 6 to 9 
months old, were used in these experi- 
ments. Two types of inocula were used: a 
saline suspension prepared from 24-hour 
cultures of the organism on blood agar for 
intravenous and subcutaneous exposures, 
and a 24-hour broth culture for challenge 
by other routes. 

No disease developed in any of the 6 
lambs that were exposed to the organism 
by conjunctival, nasal, or oral routes, al- 
though these animals subsequently were 
shown to be susceptible to the disease. 
Lambs used as controls during the experi- 
ments failed to contract the disease in spite 
of intimate pen contact with affected ani- 
mals, yet they sickened after parenteral 
challenge in subsequent experiments. 

Of 5 lambs given between 5 and 10 ml. 
of the broth inoculum intraperitoneally, 1 
failed to develop the disease and 4 died be- 
tween 12 and 36 hours after inoculation. 


Fig. 7—Section from a 


lamb, showing focal 


areas of myositis with 
sarcoplasmal 


x 100. 


associated 
changes. 


A Septicemic oF LAMBS 


649 


The lesions which developed after intra- 
peritoneal exposure differed from those 
seen in the natural disease, the most strik- 
ing being a severe fibrinous peritonitis 
with peritoneal effusion. All abdominal 
viscera were covered by strands and sheets 
of fibrin and, in the dependent portions, 
this constituted a thick mantle. Although 
the hemorrhages were less obvious than in 
the natural disease, 2 of these lambs died 
as a result of pulmonary hemorrhage. 
Neither the site nor the cause of this hemor- 
rhage was determined. 

Of 2 lambs exposed by the intratracheal 
inoculation of 10 ml. of a 24-hour broth 
culture, 1 failed to sicken while the other 
developed a disease identical, except for a 
somewhat more protracted course (72 
hours), with the natural one. Although 
the hepatic and arthritic lesions reached 
their greatest development in this animal, 
no lung lesions were found. 

Of the 2 inoculated subcutaneously with 
1 ml. of saline suspension of the organism, 
both became febrile and obviously ill 12 
hours after exposure, and large diffuse 
swellings developed at the sites of inocu- 
lation. The animals responded slowly to 
streptomycin treatment. The phlegmons 
formed abscesses which subsequently 
drained. Both animals recovered. 
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Of 14 lambs inoculated intravenously 
with 1 ml. of a saline suspension of the or- 
ganism, 13 developed the clinical syndrome 
and the characteristic lesions described 
previously. While 1 lamb failed to sicken, 
the 6 which received no treatment died in 
an average of 30 hours postinoculation. 
The other 7 lambs were treated with con- 
ventional doses of streptomycin intramus- 
cularly. The 3 givea the antibiotic early 
in the course of the disease (as soon as 
their temperatures reached 107 re- 
covered promptly; they were afebrile and 
eating within 12 hours of treatment. How- 
ever, the 4 experimentally infected lambs 
in which treatment was delayed all died 
after an average time of ten days. They 
remained sick and febrile and moved with 
great difficulty, due to a severe arthritis. 
Terminally, they developed signs referable 
to the central nervous system and, at nec- 
ropsy, had suppurative meningitis and 
choroiditis. 


BACTERIOLOGY 


A uniformly suecessful technique of iso- 
lating the pathogen consisted of inoculat- 
ing trypticase soy broth with pieces of 
tissue or relatively large amounts of patho- 
logical fluids and subeulturing these to 5 
per cent bovine blood agar plates after 
overnight incubation at 37 C. under 10 per 
cent carbon dioxide. By this method, iso- 
lation was accomplished from specimens of 
lung, liver, spleen, meninges, arthritic syn- 
ovial fluid, cerebrospinal fluid, and blood, 
collected during the febrile stage of the 
disease. Good growth also was obtained 
when aspirated cerebrospinal and_ joint 
fluids were dropped onto blood agar plates 
and incubated without streaking. 

Freshly isolated organisms stained poorly 
with the usual dyes, but stained more 
readily after passage on artificial mediums. 
A 1:10 dilution of carbol fuchsin was a 
fairly satisfactory stain and showed small, 
pleomorphic organisms ranging from coc- 
cobacilli, 0.3 by 0.5 to 0.7 p», to bacilli, 0.5 
to 0.7 by 1.5 to 2.0 » in dimensions. There 
were long threadlike forms which, at times, 
contained spherical and thickened fusi- 
form bodies. The small, almost coccoid 
cells showed a marked tendency to form 
distinct plaques. A few large and deeply 
staining bacilli with rounded ends always 
were present. All forms seen coexisted in 
the same pure culture. Colonies showing 
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these cellular variations in morphology 
were demonstrated by Klieneberger’s 
Giemsa-stained agar block technique (fig. 
8, 9). The presence of capsules was sug- 
gested in preparations stained by the 
Churchman and the Howie-Kirkpatrick * 
methods. The organism was nonmotile and 
gram negative. Continued subculture re- 
sulted in loss of the extreme pleomorphism 
and of the tendency toward plaque forma- 
tion, as deseribed. 

At 96 hours, growth on the blood agar 
plates incubated in air resembled the set- 
tling of a fine powder. On the fifth day, 
minute well-defined colonies could be dis- 
cerned. These were semitranslucent, con- 
vex, and entire. At 36 hours, a slight 
amount of growth appeared at the bottom 
of the trypticase soy broth tubes and ex- 
tended up the sides of the tubes. After 
48 hours, there was slight turbidity due 
to what appeared to be finely granular 
growth. 

Under increased carbon dioxide tension, 
growth in broth and on blood agar usually 
appeared within 24 hours. The colony di- 
ameter varied from less than 0.5 mm. to 
1.5 mm. The size did not increase appreci- 
ably on further incubation, but the col- 
onies tended to become more flattened 
toward the edge with a more sharply 
contoured periphery. 

No growth was obtained, even with well- 
established cultures, on MacConkey’s agar, 
tryptose agar, 10 per cent equine serum 
agar, 10 per cent serum plus 1 per cent 
yeast hydrolysate agar, pleuropneumonia- 
like organism (PPLO) agar, and coagulated 
blood serum; or in tryptose broth with 1 
per cent Difco supplement B, ppLo enrich- 
ment broth, and trypticase soy broth. The 
latter did support satisfactory growth pro- 
vided a fairly large amount of culture 
medium, such as the supernatant fluid of 
blood broth, was transferred in the process 
of inoculation. Another satisfactory liquid 
medium was composed of 1 part ‘‘ Levin- 
thal stock’’* to 3 parts trypticase soy 
broth. Good growth also was obtained on 
beef heart cystine hemoglobin agar. Since 
all the ingredients of this medium under- 
went autoclaving at 15 lbs. for 15 minutes 
(121 C.), it would appear that the thermo- 
labile (V) faetor is not required. This 
conclusion was confirmed further by the 
fact that satellitism was not observed when 
the organism was cultured in association 
with eight strains of micrococci. 
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The organism recovered from lambs 
could be made to grow in the ordinary 
carbohydrate mediums, following their en- 
richment with a small amount of defi- 
brinated blood. In these mediums, feeble 
saccharolytic properties could be detected. 
A weak acid reaction, in 
more than a fading of color on the part of 
the bromeresol purple indicator, was seen 
in arabinose, xylose, fructose, 
galactose, maltose, mannose, rhamnose, raf- 
finose, mannitol, sorbitol, and inositol. Su- 
crose was attacked by one of the five iso- 
lates. No change was observed in lactose 
and duleitol. Uninoeculated blood-enriched 
carbohydrate mediums were incubated 
along with the tests to control any possible 
glycolysis due to the presence of blood cells. 
Similarly, a tube of sucrose broth was in- 
oculated with a glucose-fermenting, su- 
crose-negative organism (Escherichia coli) 
to determine whether the glucose present 
in the added blood would give rise to any 
false positive readings. No such compli- 
cations were, however, encountered in the 
tests. 

The bacterium did not 
or hydrogen sulfide. Litmus milk with 
added blood remained unchanged. Gelatin 
failed to support any growth. 


some Cases ho 


glucose, 


produce indole 


PATHOGENICITY FOR 
EXPERIMENTAL Hosts 


Inoculation of 0.2 ml. of a 24-hour tryp- 
ticase soy broth culture into the yolk sacs 
of 5- to 7-day-old chicken embryos resulted 
in death of the embryos within 24 to 36 
hours. The organism was readily recovered 
in large quantities from the harvested yolk 
When inoculated into the allantoic 
cavities, a substantial number of embryos 
survived up to 72 hours, at which time the 
fluid was harvested. The organism 
present in large numbers, its abundance in 
the surviving eggs being substantially the 
same as in those killed by the infection. 


Sacs. 


was 


Of the laboratory mammals, only intra- 
cerebrally inoculated newborn mice proved 
susceptible to fatal infection. Guinea pigs 
and rabbits were refractory, as were older 
mice, even when the inceulum was 
ministered in conjunction with mucin. 


ad- 


ACQUIRED RESISTANCE 

Lambs that had gone through the experi- 
mental disease and survived, due to timely 
administration of streptomycin, proved 


A Septicemic DISEASE OF 


LAMBS 


Fig. 8—Colony of Hemophilus agni showing cocco- 
bacillary forms. Klieneberger’s Giemsa stain; 
x 1,800. 


Fig. 9—Colony of H. agni from the same plate as 
figure 8, showing filamentous forms. Klieneberger’s 
Giemsa stain; x 1,800. 
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refractory to challenging doses of culture 
lethal to previously unexposed individuals. 
Similarly, no recovered animals in the nat- 
urally infected flock were observed to 
sicken a second time, despite the fact that 
new cases continued to occur. 

Even before these observations were 
made, the nature of the disease suggested 
the possibility of producing an active im- 
munity by vaccination. For this purpose 
about one half the flock were injected with 
formolized trypticase soy broth culture. 
Since the disease subsided by the time in- 
creased resistance could have been mani- 
fested, no conclusions can be drawn as to 
the efficacy of the attempted immunization 
under conditions of natural exposure. 
Later, 12 lambs obtained from an outside 
source were injected with the same kind 
of bacterin; 6 were given a single dose of 
2 ml., and 6 were given two doses, ten days 
apart. Three weeks after the first, or the 
single, injection the animals were chal- 
lenged with 1 ml. of a bacterial suspension, 
estimated turbidimetrically to contain 
about 200,000,000 organisms. Both groups 
of lambs were as susceptible as 6 unvac- 
cinated controls which were infected at the 
same time. Serological studies disclosed 
that, while only 1 of the singly vaccinated 
animals showed a good antibody response, 
among the twice-injected lambs there were 
titers comparable to those of recovered 
animals which were refractory to further 
challenge. 


TAXONOMIC CONSIDERATIONS 


The fact that the organism responsible 
for the disease failed to grow in the ab- 
sence of blood or blood constituents places 
it into the genus Hemophilus. Since auto- 
claved mediums supported growth, even on 
primary isolation, and satellitism was not 
exhibited, the V factor does not appear 
essential. Among the members of the genus 
Hemophilus sharing these requirements, 
only H. ovis exhibits sufficient additional 
similarities to be considered the species to 
which the present organism might be as- 
signed. The main resemblances between 
the two bacteria concern the host species 
and the cultural requirements. However, 
from the single description of H. ovis in 
the literature,t one is forced to conclude 
that divergences by far outweigh 
similarities. Unfortunately, H. 


any 


Was 
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no longer available, so that no direct com- 
parison could be made. 

The main points of 
summarized (table 1). 


disagreement are 
Probably not too 


TABLE 1—Differential Features of Hemophilus 
Ovis (Mitchell) and Hemophilus Agni (New 
Species) 


Item H. ovis H. agni 


Fermentation of 
Inositol 
{rabinose 
Lactose 
Rhamnose 
Sucrose 

Microaerophili« 

Pathogenic for 
Guinea pigs 
Rabbits 
Adult sheep? 
Lambst 

Pneumonia 

Muscle lesions 

Arthritis 

Serosal hemorrhages 


Not reported 
Not reported 
Not reported 


One of five strains fermented sucrose; 7 natural 


disease 


much importance should be attached to the 
fermentation reactions recorded. They 
have, in general, not been too helpful in 
the classification and identification of the 
bacteria.*»> Moreover, Mitch- 


hemophilic 
ell’s original article * gives no clue as to 


the number of isolates studied in prepar- 
ing his chart of differential reactions. With 
the notorious variability in biochemical 
behavior of different strains, this point be- 
comes important. In the present case, the 
recorded findings also must be accepted 
with reservations, the five 
isolates used originated in one flock and 
during one outbreak. In view of these 
considerations, the divergences in fermen- 
tative patterns alone would hardly be 
sufficient to exclude the lamb organism 
from the species, H. ovis. 

Other cultural characteristics show ad- 
ditional differences, however. As there is 
no mention in Mitchell’s paper of the cir- 
cumstances under which his cultures were 
incubated, it is assumed that no special 
atmospheric conditions were necessary to 
obtain growth of the type described. In 
our case, nothing approaching pinhead- 
sized colonies were seen on primary culture 
under ordinary oxygen tension, even after 
72 hours of incubation. Nor was there any 
evidence of grey coloration and secaliness 
on prolonged incubation, as described for 
H. ovis. Broth cultures showed no slimi- 
ness, and ropy strands were not observed. 


some since 


Am. J. RES 
JULY, 1958 


Still more striking than cultural differ- 
ences was the contrasting pattern of path- 
ogenicity and pathogenesis exhibited by 
the lamb organism. Of the experimental 
mammals, only baby mice inoculated intra- 
cerebrally succumbed to infection. Mitch- 
ell found that guinea pigs and rabbits 
were susceptible to small doses of culture. 
There also are well-defined clinical and 
pathological differences. Although Mitch- 
ell does not report on the histological 
nature of the disease, his clinical and gross 
observations leave no doubt that H. ovis 
produced primarily a respiratory infection. 
In contrast, no specific lung lesions were 
seen in any of our animals, and the organ- 
ism failed to localize in the lung, even 
after intratracheal injection. Although 
each of Mitchell’s protocols made mention 
of the liver, no focal lesions were reported. 
In addition, H. ovis is not reported to have 
produced serosal hemorrhage, muscle le- 
sions, or arthritis. It was found to affect 
only mature sheep whereas, in our study, 
adult animals living in close association 
with clinically affected lambs failed to 
show any signs of disease. It would seem 
most reasonable to conclude that these ob- 
servations are valid and represent differ- 
ent predilections of two distinct organisms. 
The name, Hemophilus agni (nova spe- 
cies), is proposed for the bacterium caus- 
ing the septicemic condition in lambs. 


DIscUSssION 

The Hemophilus septicemia reported in 
this paper shares clinical features with 
many acute diseases of sheep, but would 
probably only be confused with entero- 
toxemia and Pasteurella hemolytica septi- 
cemia® at necropsy. If our experiences 
are typical of the future behavior of the 
disease, only a small percentage of the ani- 
mals will lack the liver lesions, which will 
permit differentiation from enterotoxemia. 
The diseases obviously can be further dif- 
ferentiated by bacteriological, histopatho- 
logical, and toxocological methods. The 
differential diagnostic problems with re- 
gard to Pasteurella septicemia are more 
difficult and it is unlikely that the two 
diseases can be always distinguished on 
the basis of their gross lesions. The most 
helpful feature would be the differential 
lung involvement. Hemophilus septicemia 
appears to spare the lung, while pulmo- 
nary involvement is the rule in ovine pas- 
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teurellosis. The microscopic lesions pro- 
duced by the two organisms are similar 
but, in general, H. agni is more apt to pro- 
voke a severe necrotizing lesion. The defini- 
tive differentiation must be based on cul- 
tural findings. 

These clinical and pathological simi- 
larities with common lamb diseases coupled 
with the difficulties in culturing H. agni 
make it seem likely that Hemophilus sep- 
ticemia is not a new disease. 

The mechanism of the natural trans- 
mission of the disease is not known. The 
failure of the disease to develop after pen 
contact or after oral, nasal, and conjunc- 
tival exposure suggests that transmission 
is not direct from animal to animal. We 
have no knowledge concerning the natural 
habitat of the organism. Because of its 
fastidious nature, it is unlikely that it can 
exist as an independent form for any sig- 
nificant time. We hope to be able to ex- 
amine the possibilities of animal reservoirs 
and insect and mechanical transmission. 


SUMMARY 


A gram-negative, nonmotile, nonspore- 
bearing, aerobic bacillus was recovered 
from lambs dying from acute septicemic 
disease. These lambs rarely were seen 
sick and, except for stiffness, depression, 
and fever, clinical signs were minimal 
All losses were confined to a single flock; 
the deaths continued over a three-month 
period with a final flock mortality of 20 
per cent. Except for several animals which 
appeared to respond to streptomycin ther- 
apy, all affected animals died. Gross le- 
sions consisted of multiple subcutaneous, 
subserosal, and muscular hemorrhages, and 
focal hepatic necrosis. Microscopically, 
bacterial thrombi were seen associated with 
the muscle hemorrhages and the liver ne- 
crosis and produced a focal suppurative 
myositis and hepatitis. Arthritis developed 
in those animals that survived 24 hours or 
more, 

The organism could be recovered regu- 
larly from the livers, lungs, spleens, mus- 
cles, and joints of these animals but re- 
quired mediums enriched with blood or 
tissue fragments and grew best in an at- 
mosphere of 10 per cent COs. The name, 
Hemophilus agni (nova species), is pro- 
posed for the bacterium. 

When inoculated parenterally, the or- 
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ganism was pathogenic for lambs but did 
not kill mice, guinea pigs, or rabbits. 


Hemophilus Group 


Bacterial Capsules as Demonstrated by a Simple Method 
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Responses of Horses to a Neurotropic Strain of Equine 
Influenza Virus 


ROBERT J. BYRNE, D.V.M.; ALICE LEE QUAN, M.S.; VICTOR R. KASCHULA, D.V.Sc. 
College Park, Maryland, and New Brunswick, New Jersey 


DurING the course of their studies, Jones 
et al.’ isolated a transmissible agent which 
they described as the equine influenza virus. 
These workers succeeded in passing the 
virus in horses 24 consecutive times by 
injecting infected blood and tissue suspen- 
sions into susceptible animals. From 1951 
until the present time, the equine influenza 
virus has been studied and maintained at 
the Grayson Laboratory, College Park, Md., 
in connection with a research project con- 
cerned with respiratory diseases of horses. 

The equine influenza virus is similar to 
or identical with the agent of equine virus 
abortion.® '° The respiratory form of the 
disease in young susceptible horses is char- 
acterized by fever, development of serous 
or mucopurulent nasal discharge, coughing 
and, in some instances, serious complica- 
tions, such as pneumonia and meningitis. 
Susceptible mares which become infected 
during pregnancy may abort. On histologi- 
cal examination of tissues from aborted 
fetuses, eosinophilic intranuclear inclusion 
bodies are usually found in the alveolar 
cells of the lungs and, less frequently, in the 
parenchymal cells of the liver. 

The suckling hamster was found suscep- 
tible to the equine abortion virus by An- 
derson and Goodpasture.’ Doll ef al. sue- 
ceeded in adapting the equine influenza 
(virus abortion) agent first to suckling 
hamsters and finally, after continuous pas- 
sages, to adult hamsters.*:*:* These viruses 
cultivated in cul- 
in embryonating eggs.® 


been tissue 
and 
More recently, the equine influenza virus 
has been adapted to suckling mice by intra- 
cerebral inoculation, producing a 
tropic variant." 


have 
tures!® 1 


also 


hneuro- 


This report describes the inoculation of 
horses, by various routes, with this neuro- 
tropic strain of the equine influenza virus 


From the Laboratory and 
University of Maryland, College Park, and the 
ment of Animal Pathology (Kaschula), Rutgers 
sity, New Brunswick, N.J. 

Experimental work conducted at the University of 
Maryland was supported in part by the Grayson 


Grayson Quan), 
Depart 


Univer 


Foun 
dation, 


and the clinical and immunological re- 
sponses of the injected horses. 
METHODS 


MATERIALS AND 


Virus of Equine Origin.—Strain 183 * of equine 
influenza virus was acquired in 1951 as the twenty 
fourth passage material (frozen horse spleen) and 
was passed serially in horses at the Grayson Labo 
through the twenty-ninth level. Infected 
spleen material was kept frozen at —70C. until 
ready for use. It then and 
into a 20 per suspension with a 
diluent of broth or buffered saline solution. The 
centrifuged supernatant fluid injected intra 
venously and intranasally into susceptible horses, 


ratory 


was thawed rapidly 
emulsified cent 
was 


and these animals were killed when they reached 
the first febrile peak, usually 48 to 72 hours post 
inoculation. The spleen was removed immediately, 
precautions, cut into small 
and frozen quickly in sterile containers. 
Hamster 
strain 183, 


using aseptic pieces, 


Virus.t—This virus, originating from 
suspension of livers obtained 
which died of the infection. Pas 
sages were made by injecting hamsters intraperi 
toneally with infected liver suspensions. After an 
incubation period of about 48 hours, the moribund 
hamsters were killed and their livers removed. In- 
fected livers were characteristically mottled in 
gross appearance and, on histological sections, the 
presence of numerous intranuclear eosinophilic in 


was a 


trom hamsters 


clusion bodies in the parenchymal cells of the liver 
was detected readily. 
Vouse 


serially in 


Brain Virus.—The neurotropic virus was 
infant 


intracerebrally with 0.02 ee. 


passed mice by 
of a 10 
After an incubation period of three to five 
days, the mice developed encephalitis. When mori 
bund, they killed and the brains 

oved aseptically, ground as a 20 per cent suspen 
broth, and —70C, 


injecting them 
brain suspen 
sion, 


were were re 


s.0n in frozen at until ready 


ior use. 

Horses. 
aboratory studies were obtained from small farms 
in Maryland, and had no known histories of con 
tact with Their 
tested negative on 
iixation test were purchased. 

The 12 pregnant 
breeds, were obtained from nearby 


The 4 weanlings and yearlings used in 


respiratory diseases. serum was 


and only those complement 


and 
Their 


mares, of various types 
areas. 


* From the Veterinary Division, Walter Reed Army 


Medical Center, Walter Reed Army 
Washington, D.C. 

+ Received from Dr. E. BR 
tucky, Lexington 


Institute of Research 


Doll, University of Ken 
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TABLE 1—Data on Field Trials of Horses in New 
Jersey 


No. 


horses 


No. 
contact 
animals 


Temperatures 
recorded 


Serologically 
tested 


Farm 

No inoculated 
Yes 0 
Yes 40 
No 0 
Yes 0 
No 0 
Yes 0 


Yes 
Yes 
No 
Yes 
No 
No 


immunological status was not used as a eriterion 
in their purchase for reasons that will be discussed. 

The 32 horses used in field trials were Palomino 
Quarter horses of various ages, located on six farms 
in southern New Jersey. 

Hamsters.—Twenty-gram Syrian hamsters (from 
a commercial source) were used in serum-neutrali- 
zation procedures. 

Mice.—Suckling Bagg 
strain,** 3 to 8 days old, were used for passages, 
preparation of inocula for horses, and testing for 
infectious material. 


Swiss albino mice, 


Serum Specimens.—Serum specimens were ob- 
tained from all test horses before injection and at 
appropriate intervals thereafter. 
were frozen at —40C. until used. 
of Young Horses. 

and yearling horses were kept in separate 

tion units at the Grayson Laboratory. Each 


injected subeutaneously with 5 ml. of a 10 per cent 


These specimens 
Injection The 4 weanling 
isola- 


was 


mouse brain suspension. These suspensions were 
simultaneously titrated in mice; the L.d.so 
varied from 10° to 10°. All animals were ob- 
served closely following injection, and tempera- 
tures were taken twice daily. Blood was drawn for 
serological and hematological examination. Horses 
87 and 92 were challenged subcutaneously 20 days 
later, with 10 ml. of a 20 per cent equine spleen 
suspension of the twenty-ninth passage, and were 


mouse 


observed closely for any subsequent signs of dis 
ease. 
Intrafetal 
The procedure followed was 
Doll,” including the 
An area just anterior 


Mares. 
essentially that 


Inoculation of Pregnant 
de- 
scribed by incorporation of 
antibiotics into the inoculum. 


to the umbilicus was prepared and the inoculum 


Manage 
Walter 


* Furnished by the chief, Animal Husbandry 
Walter Reed Army Institute of 
Army Medical Center, Washington, 


Research, 
D.C 


ment 
Reed 
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was introduced through the abdominal wall directly 
16-gauge, 8-inch 
a short piece of 


into the uterus by means of a 
needle attached to 
sterile rubber tubing. 


a syringe with 
After these injections, the 
mares were observed carefully for signs of disease 
or impending abortion. 

Field trials. 
Jersey on six different farms (table 1 
Tests. were 
performed on serum specimens by first inactivating 
the serum at 60 C. 30 minutes, diluting the 
sample (1:10) in and then 
bining aliquots of the diluted with 
parts of appropriate logarithmic dilutions of ham 
ster liver virus suspensions. diluted 
1:10 vf the of 
specific virus inhibitors in some undiluted normal 


Trials were conducted in New 


Serum-Neutralization These tests 
for 


saline solution, com 


serum equal 
Serums were 


because reported presence non 


equine serum.” After an incubation period of one 
hour at 25 C., the serum-virus mixture was injected 
into groups of 4 or Each test animal 
was given 0.5 ml. of serum-virus mixture intra- 
peritoneally and was observed for 14 days. A con 
trol titration was set up simultaneously with each 
The neutralization index 


5 hamsters. 


group of serums tested. 
log was determined for each serum by subtracting 
its l.d.so titer” log of that of the 
control titer. 
Complement-Fixation 
test 
livers. 


dilution from 


Tests. 
prepared 


The antigen used 
pooled infected 
hamster The frozen liver suspensions were 
thawed rapidly and centrifuged at 1,500 r.p.m. in 
an International refrigerated centrifuge. A second 
centrifugation at 15,000 r.p.m. for 30 minutes in 
the high speed head of the same type centrifuge 


in the was from 


was made as a final step in preparing the antigen. 
The supernatant fluid, a 10 per cent 
suspension of original tissue, was used as the anti- 
This antigen 
was titrated by using twofold serial dilutions with 
:10. The highest 
complete fixation of 
The dilu- 
tion containing four units in 0.5 ml. was used for 


representing 
gen in the complement-fixation test. 


a known positive serum diluted 1 
dilution of antigen giving 
complement was considered as one unit. 


complement-fixation test. 

Commercial hemolysin was used and titrated in 
The unit 
was taken as the highest dilution giving complete 
mil. 


the presence of an excess of complement. 


hemolysis, and two units of hemolysin in 0.5 
the test 


The source of complement 


were used in system. 
was pooled, normal, 


male guinea pig serum, which was kept frozen at 


Table 2—Immunological Responses of Laboratory Horses Injected with Mouse Brain Virus 


Complement fixation test 
Preinjection Postinjection 
Animal 


No Result 


87 Pos 
92 Pos 


99 Pos. 


100 Pos 


* Titer based on 50 per cent fixation of 


antibody in a 1:10 dilution of serum. 


Result 


complement at serum dilution 


Serum n-utralization test? 


Postinjection 


Preinjection 


Result Result 


16 0.0 

16 0.1 3.5 
16 0.0 5.6 
16 1.0 =4.8 


indicated eutralizing 


Day 
| 
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103.5 


103.0 


Temperature (F.) 


Nevurotropic Equine INFLUENZA VIRUS 


10 12 lb 


Days after injection - 
Graphs 1—Average daily temperatures of the 4 young horses after their injection with mouse 
brain virus. 


—70C. full units of 
A standardized 


2 per cent suspension of ovine erythrocytes was 


until ready for Two 


complement were used in the test. 


use. 


used in the hemolytic system. 

In the complemert-fixation test, 0.5-ml. amounts 
of inactivated diluted serum, antigen, and guinea 
pig complement were combined and refrigerated 
overnight.’ On the following morning, 1 ml. of 
a suspension of sensitized ovine erythrocytes, pre 
pared by combining equal volumes of cells and 
hemolysin, added to tube. The final 
mixtures were incubated for one hour in the water 
bath at 37 C In all cases, appro- 
priate serum were set up, as well as 
antigen controls utilizing a suspension of normal 
hamster liver. 


was each 


. and then read. 
controls 


RESULTS 


Responses of Young Horses.—Although 
the 4 weanling and yearling horses de- 
veloped a fever and leukopenia after inocu- 
lation with mouse brain virus, no marked 
signs of respiratory disease were noticed. 
Fever developed in two to three days and 
persisted for two to four days; the peaks 


( thousands) 


Total leukocytes/c 


6 7 8 9 


Days after injection 


ranged from 102.3 to 103.8 F. Leukopenia 
was detected about the time of onset of fever 
and was of the same duration (graphs 1, 
2). The immunological responses of the 
inoculated animals are summarized (table 
2). The 2 (87 and 92) which were chal- 
lenged with strain 183 spleen virus 20 days 
after inoculation with mouse brain mate- 
rial, were evidently immune since they did 
not develop fever, leukopenia, or disease. 
Responses of Pregnant Mares.—Hemato- 
logical studies were not made on the preg- 
nant mares after intrafetal injection of the 
neurotropic virus. Temperatures, taken for 
a short time postinoculation, were not sig- 
nificantly elevated. The outcome of the 
experiments and the serological data ob- 
tained are summarized (tables 3, 4). 
Field Trials —None of the animals in- 
jected with the living mouse-adapted in- 
fluenza virus, under field conditions, de- 
veloped signs of respiratory disease, and 
none of the pregnant mares aborted. There 
was no evidence of spread of infection to 


Graph 2—Average daily 
leukocyte counts for the 
4 young horses. 
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TABLE 


Animal 
No 


ml 
ml 


ml 


ml 
ml 


105 
108 ml 


108 ml 


ml. 


of 10% 


of 10% 


of 10% 


of 20¢ 


of 20¢ 


of 10% 
of 20% 


of 10% 


I 


3—Clinical Responses 


ulum 
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ml 
ml mouse brain 
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117 
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(repeat 


of 206 


of 10% 


mil mouse brain 


ml mouse brain 


contact horses. Temperatures of 103 F. 
were recorded in 3 foals on the third and 
fourth days after infection. In those ani- 
mals tested serologically, a fourfold or 
greater rise in complement-fixation titers 
could be demonstrated between pre- and 
postinjection serum specimens. 


DISCUSSION 


The serological responses of horses in- 
jected with mouse or hamster brain equine 
influenza virus was of the same order that 
might be expected after a natural infection 
with a field strain. At least fourfold 
increase in complement-fixing antibody 
could be demonstrated in paired serums 
drawn before and after injection. An in- 
crease in neutralizing antibodies could be 
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Normal 
Aborted 
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later 


days later; abortion 
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delivery, 73 days 


later 


7 
delivery, 126 days 


in 4 days; inclusion bodies in 


from lungs 


Aborted 2 days after second injection 
bacterial 


abortion 


measured similarly, the increase being most 
marked in animals which were serologically 
negative at the start. If the high level of 
neutralizing antibody is indicative of im- 
mune status, horses given the nerotropic 
virus should be refractory to other sources 
of virus. Results with the 2 animals which 
were challenged with the strain 183 equine 
spleen virus bear out this hy pothesis. 

The lack of marked signs of disease in 
animals given the mouse brain virus ean- 
not be attributed entirely to an attenuation 
of the virus resulting from neural adapta- 
tion. Other investigators,'* including those 
at Grayson Laboratory, have observed the 
mild types of reactions after the inocula- 
tion of horses with influenza virus of equine 
origin. This is in well- 
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114 Neg 16 } 15 1.5 
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117* Pos 16 =a.5 11 =4.6 
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nourished animals which are protected from 
the elements and not subjected to shipping, 
crowding, or other adverse situations. Most 
of these animals do, however, develop a 
fever of 103 to 105 F. and a nasal discharge 
of varying consistency. In contrast, the 
horses given the neurotropic virus showed 
no nasal discharge. Transient fevers, not 
exceeding 103.5 F., occurred in the latter 
group. Diphasic temperature curves have 
been observed in horses given influenza 
16 


abortion virus of equine tissue origin.’ 
The lack of frank disease encountered in 
horses injected in the field with neurotropic 
virus is also significant, since these animals 
were kept under conditions conducive to 
the development of secondary sequella. 


Pregnant mares were injected intrafe- 
tally, since it has been reported 
where’: '* that it is not possible to produce 
abortion uniformly by intravenous or intra- 
nasal injections of virus of equine origin. 
In contrast, the virus of either equine 
spleen or fetal lung, as well as of hamster 
liver origin, uniformly produces abortion 
of pregnant mares in three to nine days 
after intrafetal injection.” 

By using the direct route of inoculation 
(intrafetal) the protective mechanisms of 
the mare are circumvented and, since the 
fetus has no contact with maternal antibody 
and lacks a reticuloendothelial system ade- 
quate to cope with the infection, fetal dis- 
ease and abortion soon follow. 

Of all the pregnant mares injected intra- 
fetally with neurotropic virus, only 1 
aborted a fetus from which the virus was 
recovered and in which the tissues 
tained inclusion bodies characteristic of 
virus abortion. It is evident, therefore, that 
the neurotropic virus is still capable of 
producing abortion in mares. Also, the liv- 
ing foal of mare 98, which was born ten 
days after the injection, was weak at birth 
and ultimately suecumbed. The virus may 
have been responsible, but 6 other mares 
inoculated with the same virus, 2 with re- 
peated doses, produced healthy foals. 


els»- 


con- 


Of interest in the preliminary field tests 
is the lack of febrile reactions, except in 
3 foals which had temperatures up to 103 F. 
Among the animals which showed no reac- 
tion, except an immunological response, 
were some young, highly susceptible horses 
and 2 pregnant mares. Although the num- 
ber of horses injected was small, the mouse- 
adapted virus does seem to offer a possible 
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means of immunizing animals under field 
conditions. 

A completely satisfactory method for im- 
munizing horses against equine influenza 
and virus abortion has not been found 
Equine tissue vaccines have been shown to 
stimulate antibodies in mares which, when 
secreted in colostrum, may produce hemo- 
lytic icterus of the newborn foal.'® Also, 
the use of viable equine tissue virus is con- 
traindicated by the possibility of transmit- 
ting equine infectious anemia. Hamster 
tissue vaccines may produce local sequelae 
at the site of injection, particularly after 
repeated vaccinations. 

The neurotropic strains of equine influ- 
enza virus are no longer lethal to hamsters 
when injected by the intraperitoneal route, 
despite the fact that the original adaptation 
procedure was made from a viscerotrophic 
hamster strain. In the case of Rift Valley 
fever, a successful live virus vaccine has 
been produced by altering the affinity of 
the agent from visceral to neural tissue. 
Further passage of equine influenza virus 
by intracerebral passage and simultaneous 
attempts to adapt the neurotropic strain 
to eggs and tissue culture offer a possible 
means of developing a safe, effective vac- 
cine against equine influenza and virus 
abortion. 


SUMMARY 


The responses of horses to a neurotropic 
strain of equine influenza virus have been 
described. A marked antibody response 
occurred in all injected horses. Virus was 
recovered from the lungs of 1 fetus which 
was aborted after being injected while in 
utero. Five mares delivered normal foals 
ten or more days after being injected intra- 
fetally with the virus. Possible applications 
of the neurotropic virus as an immunizing 
agent are discussed. 
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A Surgical Technique for the Formation of Isolated 
Pouches of the Canine Bladder 


THOMAS B. CLARKSON, D.V.M.; WILLIAM H. BOYCE, M.D.; 
J. STANTON KING, Jr., Ph.D. 


Winston-Salem, North Carolina 


Srupies involving the physiological re- 
sponses of the mucosa of the urinary blad- 
der require the use of bladder pouches 
which are isolated from the urinary stream. 
A review of the literature reveals that a 
satisfactory techniqve for the production 
of such pouches has not been described. 

This report describes a surgical tech- 
nique for the production of bilateral, iso- 
lated pouches of urinary bladder in the 
dog. Pouches thus constructed have been 
demonstrated to maintain a viable epi- 
thelium which is histologically and _ histo- 
chemically indistinguishable from that of 
the normal bladder. These pouches ap- 
pear to be suitable sites for the study of 
tumor transplantation, for investigations 
of the acute or chronie effect on the mucosa 
of substances introduced into the pouch, 
and for comparative effect on the urinary 
epithelium of substances excreted in the 
urine. 


METHOD 


Twenty mongrel female dogs, weigh- 
ing 15 to 30 kg., were anesthetized with 
intravenous pentobarbital. The abdomen 
was prepared in the usual manner and 
zephiran chloride (1:1,000) was used for 
skin sterilization. A 1!0-cm. ventral mid- 
line prepubic incision was made to expose 
the urinary bladder (fig. 1A). 

A traction suture was placed on either 
lateral margin of the apex of the bladder, 
2 em. from its center. Suspending the 
bladder by the traction sutures, the dorsal 
and ventral bladder walls were incised 
along the median longitudinal plane for a 
distance of 4 to 5 em. (fig. 1B). Two open 
‘*bean-pod’’ shaped flaps of bladder wall 
of identical size and shape thus 


were 
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formed. The mucosa of the base of each flap 
then was incised transversely, separating it 
from the mucosa of the remaining portion 
of the bladder (fig. 1C). A second trans- 
verse incision then was made in the mu- 
cosa, 10 em. from the first, and the inter- 
vening strip of mucosa was excised, care 
being taken to avoid injuring the detrusor 
muscle or the blood vessels which are lo- 
cated on its surface. 

Using a speculum in the vagina to ex- 
pose the urethral orifice, a 14 F De Pezzar 
catheter then was inserted until the tip 
was seen emerging in the bladder from the 
internal urethral orifice. The portion of 
the catheter which protruded beyond the 
vaginal orifice was cut off at the end of the 
operation. This catheter provided drain- 
age of the functional bladder during the 
immediate postoperative period and, if not 
passed by the animal, was removed by 
gentle traction on the third to the fifth 
postoperative day. 

The bladder proper was separated from 
the flaps by closing its mucosa with a trans- 
verse line of 5—) plain catgut Lembert 
sutures. The exposed bladder muscle then 
was approximated by a similar transverse 
line of sutures of 5—O chromic gut on 
atraumatie needles, taking only a shallow 
bite of detrusor muscle, since through-and- 
through sutures would endanger the blood 
supply of the flaps. In large bladders, two 
parallel rows of sutures were used in the 
musculature. 

The mucosa of each flap then was su- 
tured at its edges with a continuous 3-0 
plain catgut suture (fig. 1D), and forma- 
tion of separate pouches was completed by 
approximation of the incised bladder wall 
with interrupted sutures of 4—0 cotton or 
silk. 

Provisions may be made for percutaneous 
multiple injections into the pouches by 
insertion of Blakemore tantalum tubes into 
the apex of each pouch. The Blakemore 
tube is anchored into the apex of the pouch 
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by a purse-string suture of nonabsorbable 
material placed through the muscularis in 
such a way as to invert the mucosa into the 
pouch (fig. 1E, 1F). Failure to invert the 
mucosa frequently will result in the for- 
mation of a ring of calcified tissue (‘bone 
formation’’) at the points where the pro- 
truding mucosa is in contact with the 
fascial layers of the abdominal wall. 
The mobility of the urinary bladder per- 
mits the flared ends of the Blakemore tube 
to be brought out beneath the skin of the 
abdominal wall just lateral to each rectus 
abdominis muscle (fig. 1G). Skin flaps 
were made on either margin of the abdomi- 
nal incision to expose the deep fascia of the 
abdominal wall, and a small elliptical por- 
tion of the fascia, peritoneum, and under- 
lying muscle, the diameter of the tubes, 
was removed. The protruding flared ends 
of the Blakemore tubes were then brought 
through this opening and anchored to the 
fascia with nonabsorbable sutures. These 
sutures may include a bit of the detrusor 
muscle of the pouch. The skin may be 
tattooed with India ink to mark the posi- : : , 
tions of the tubes. The initial incision in transplantation, pellet implantation, or 
the abdominal wall was closed in layers ‘single injections into the pouches. The 
without drainage. A cross-section view of completely closed pouches without Blake- 
the completed operation is shown (fig. 1H). more tubes are readily identified at the 


Fig. 2 —Lateral view cystogram of a dog, show- 
ing the effect of communications between both 
pouches and the functional area of the bladder. 


Fixation of the pouches to the abdominal 
wall is not desirable when the purpose is 


Legend for Illustrations on Opposite Page 


Fig. 1 (top)—Formation of duplicate pouches of the urinary bladder is shown: (A) prepubic 

midline incision; (B) traction sutures support apex of bladder which is incised in the median 

longitudinal planes; (C) a 1.0-cm. strip of mucosa is removed from the base of each pouch— 
traction sutures support the bladder anterior and posterior median plane. 


Fig. 1 (center)—Closure of functional bladder and duplicate pouches is shown. (D) The 
functional bladder mucosa has been closed by a continuous suture and the exposed detrusor 
muscles approximated; the mucosa in each lateral pouch is approximated by continuous sutures. 
(E) The mucosa is closed and the musculature of the pouch approximated with interrupted 
sutures after insertion of Blakemore tubes (tubes are used only when repeated injections are 
necessary). (F) Dorsal view of the reconstituted bladder, illustrating the major blood supply 
which accompanies the mesentery of the ureters and courses over the outer walls of the detrusor 
muscle to supply the pouches. 


Fig. 1 (bottom)—The completed operation is shown. (G) Bladder has been returned to the 

abdomen and Blakemore tubes are anchored at the lateral margin of either rectus abdominus 

muscle. (H) The lower segment of bladder with ureters intact and undisturbed is shown; 

dual bladder pouches completely separated from the urinary stream are accessible for injection 

through the Blakemore tubes or tumor implantation by open operation. A De Pezzar catheter 
is left in the uretha for drainage during the immediate postoperative period. 
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Fig. 3—Ventrodorsal view cystogram of a dog, 
showing the result of a unilateral pouch com- 
munication. 

Fig. 4—Ventrodorsal view cystogram of a dog, 
showing properly isolated pouches. 


time of a secondary surgical approach if 
they are left free in the abdominal cavity. 


RESULTS AND DIscUSSION 


This technique has proved to be a satis- 
factory method for the production of iso- 
lated pouches of urinary bladder. The dual 
pouches permit controlled studies in the 
same animal and the functional urinary 
bladder gradually enlarges to its normal 
capacity. When it is necessary to compare 
the isolated mucosa with mucosa remain- 
ing in contact with the urine, the latter 
can be obtained from the functional blad- 
der. No general ill effects or urinary tract 
malfunctions have been detected follow- 
ing this procedure. Histological and histo- 
chemical studies of the mucosa from the 
isolated bladder pouches of 7 dogs have 
revealed no alterations from the normal 
mucosa after three months of isolation. 

Since the dog has a low tolerance for 
foreign objects, such as tantalum tubes, 
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inflammatory reactions occasionally de- 
velop around these objects. This can result 
in separation of the tube from the bladder 
pouches, erosion of the overlying skin, and 
obscuration of the anchored orifice of the 
tube by proliferation of connective tissue. 
In spite of these reactions, such tubes have 
been successfully used for weekly injection 
into the pouches for periods of three to 
four months. 

Excretory cystograms have served as an 
excellent method for establishing whether 
the pouches were completely isolated. The 
success of the operations was tested on 
postoperative days 14 and 21 by intra- 
venous administration of 20 ml. of 50 per 
cent sterile aqueous solution of diatrizoate 
sodium (Hypaque*). Thirty minutes later, 
a roentgenogram of the entire abdomen 
was made, using 60 kv.p. (kilovolt peaks) 
and 100 ma., for an exposure time of one 
second, at a target to film distance of 40 
inches. This technique has the advantage 
of providing bilaterial excretory urograms 
and avoids the danger of inoculation of the 
urinary tract with pathogenic organisms 
as might occur by retrograde cystograms. 

Communications between both pouches 
and the functional area of the bladder are 
shown in one cystogram (fig. 2). Evidence 
of an exceedingly small unilateral com- 
munication also is shown (fig. 3). These 
cystograms demonstrate the capacity of 
the pouches (2-6 ee.) in an average sized 
dog, and the rapid return of normal ¢a- 
pacity to the functioning portion of the 
urinary bladder. The radiographic appear- 
ance when the pouches are properly iso- 
lated is shown (fig. 4). 

That there have been no instances of 
necrosis or evidence of impaired circula- 
tion in such isolated pouches is attributed 
to the excellent blood supply of the uri- 
nary bladder, which is bilateral and enters 
the bladder along with the ureters (fig. 
1F). From these points, blood vessels 
course toward the apex of the bladder with 
free anastomosis between the two 
The larger vessels may be observed near 
the external surface of the detrusor and 
so are unimpaired in suturing, unless the 
sutures penetrate the detrusor 


sides. 


muscles. 


SUMMARY 


A technique for the formation of bi- 
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lateral isolated pouches of the canine uri- 
nary bladder has been deseribed. The 
enclosed mucosa has been demonstrated to 
remain histologically and histochemically 
normal for periods of three months after 
such isolation. Intravenous urography can 
be used to determine whether the pouches 
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are completely isolated from the bladder 
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Electron Micrographs of Intranuclear Inclusions in Hepatic 
Cells of Dogs with Infectious Canine Hepatitis 


MASANORI TAJIMA, D.V.M., Ph.D., and TSUNEMASA MOTOHASHI, D.V.M. 


Tokyo, Japan 


THE MICROSCOPIC PICTURE of infectious ¢a- 
nine hepatitis, or hepatitis contagiosa canis 
(Rubarth),'* is characterized by the pres- 
ence of large intranuclear inclusion bodies 
in various cells derived from almost all the 
germinal layers.* Coffin et al.’ demon- 
strated, by the fluorescent antibody tech- 
nique, that the inclusions contained high 
concentrations of specific viral antigen. A 
cytochemical study conducted recently by 
Fujimoto * revealed that the inclusions are 
a matrix which consists mainly of desoxy- 
ribonucleie acid and ribonucleic acid. These 
findings have suggested that the intranu- 
clear inclusions characteristic of this in- 
fection contain virus or material 
closely related to virus, or both. 

A more direct approach to this problem 
may be made by examining infected tis- 
sues under the electron microscope. It is 
the object of this investigation to visualize 
viral particles within the inclusions and to 
study relationships between the inclusions 
and other cellular constituents to obtain 
more information on the intracellular en- 
vironment in which virus multiplication 
takes place. 


some 


MATERIALS AND METHODS 


The D-43 strain of 
hepatitis virus at the thirteenth dog passage level 
An infected liver was received from the 
University of Tokyo, stored 
erin-saline solution at 4C. 


Virus. infectious canine 
was used. 
in 50 per cent glye 
for 23 days, and served 
as inoculum. 

pups, 4 to 6 months 
with 10 ml. 


Animals.—Three mongrel 
old, were inoculated intraperitoneally 
of a 10 
fected 


extremis 


per cent saline suspension of the in 
Two of them were exsanquinated in 
three and after 
The remaining dog, which 


the second day, was treated in the same 


liver. 


four days inoculation, 


respectively. died on 
way. A 
positive diagnosis of infection with this agert was 


made in the 3 dogs by general signs of illness, 


including fever and leukocyte counts, pathological 
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findings characteristic of the disease, and positive 


complement-fixation tests. Two normal controls 
pups, 2 months 


were set up with healthy mongrel 


old, fasted for : day 


Pre paration of 


before use. 
Electron Micros 


death, small pieces were 


which were 
Specimens foi 
copy.—Immediately after 


several areas of the liver of each 
three to four hours in 1.0 
buffered at pH 7.4, 
Palade.” After being 
they dehydrated 
ileohol and embedded 


from 
and 


excised 
animal fixed for 


per cent Osmium tetroxide 
according to the method of 
distilled 


in graded dilutions of ethyl] 


washed in water, were 
in methacrylate. 

The 
thermal expansion 
knives, The 


mixture of 30 per 


embedded tissues were sectioned with a 
JUM,” using 
onto the 


acetone and 


microtome, type 
floated 


cent 


giass sections were 


surface of a 


eent water, and picked up on formvar 


Most of the sections 


70 per 


coated grids. were examined 


without removing the embedding medium, but 


some were immersed in amylacetate to remove the 


methaerylate and were shadowed lightly with 


chromium. 
were examined by a JEM-type?t 4C 
Electron 


magnifications of 


The sections 


electron micrographs were 
1,200 to 


desired. 


microscope. 
taken at the 
20,500 and enlarged 


original 
photographically as 
Material for both light and electron microscopy 
from the tissues, to aid in the 


was Same 


interpretation of micrographs. 


RESULTS 
Since the findings were similar in the 3 
infected pups, a description of representa- 
tive micrographs will serve to explain the 
results. 

Liver, Infected Pup (Fig. 1).—A light 
micrograph of a stained preparation of the 
liver of an infected pup is shown. Typical 
large intranuclear inclusions are seen in 
the cells of the liver Their nuclei 
show margination of chromatin and thick- 
ening of the nuclear membranes. 

Since numerous inclusions were observed 
diffusely in all stained sections prepared 
from each infected animal, it was expected 
that they would be easily visible under the 
electron microscope. 

Hepatic Cell, Uninfected Control (Fig. 
2).—This electron micrograph shows part 
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fluid; H & E stain; x 820. 
Fig. 2—Electron micrograph of a thin section of a hepatic cell from an uninfected dog killed 


24 hours after fasting. 
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showing many intranuclear inclusion bodies in the cells of the liver cords. 


Fig. 
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of a hepatic cell of an uninfected control 
pup. A nucleus, with the nuclear mem- 
brane consisting of two layers, is present 
in the center of the picture; its nucleo- 
plasm appears, almost uniformly, finely 
granular. A dense, well-defined nucleolus 
can be seen in the central part of the nu- 
cleus. Many round or elongate mitochon- 
dria with moderately dense contents are 
present in the cytoplasm. Some of the 
mitochondria have cristae; others have not. 
Small vesicles of different sizes and shapes 
observed throughout the cytoplasm repre- 
sent the endoplasmic reticulum. 

This and the next four electron micro- 
graphs (fig. 3-6) show sections from which 
no embedding plastic was removed. 

Hepatic Cell, Infected Pup (Fig. 3).—A 
portion of a hepatic cell of an infected pup 
is shown. The nucleus occupying the upper 
three fourths of the picture appears to 
represent an early stage of development of 
the intranuclear inclusion body. The nu- 
cleoplasm forms an aggregate of irregular 
shape in the central area, while fine retic- 
ular material is accumulated on the inner 
surface of the nuclear membrane. Nucleoli 
have moved to the peripheral area of the 
nucleus. The double membranous struc- 
ture of the nuclear membrane has become 
indistinct. No particles presumed to be 
virus are observed as yet. Markedly swollen 
mitochondria and endoplasmic reticulum, 
possibly in various stages of disintegration, 
are seen in the cytoplasm. 

Infected Hepatic Cell (Fig. 4).—An in- 
fected hepatic cell containing an inclusion 
body in the central part of the nucleus is 
shown. The nucleus contains, in addition 
to the inclusion body, marginated chroma- 
tin and a displaced nucleolus just inside 
the nuclear membrane. Morphological 
changes of the mitochondria and endo- 
plasmic reticulum are similar to those ob- 
served in figure 3. 

As illustrated, the inclusion bodies have 
been identified readily in the electron mi- 
crographs because of their morphological 
resemblance to those observed by light 
microscopy. Margination of chromatin and 
displacement of flattened or fragmentary 
nucleoli to the periphery of the nucleus 
have been found in many preparations. 

Inclusion Body (Fig. 5).—A portion of 
an intranuclear inclusion body is shown. 
Part of the nuclear membrane is present in 
the upper left corner of the picture. The 
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inclusion body is composed of a moderately 
electron-dense, amorphous material and 
numerous viral particles. The particles are 
small, uniform in size, round or ovoid in 
shape, and of variable density. 

The amorphous material accumulated 
irregularly within the inclusions and 
showed a reticular structure in 
many instances. Although the nature of 
such material is not clarified from these 
morphological findings, it seems to origi- 
nate in close relationship to the aggrega- 
tion of chromatin. The term ‘‘matrix’’ 
will be used to describe it, in conformity 
with the terminology of workers who have 
studied the development of other viruses. 
The viral particles have been either ac- 
cumulated in the network of the matrix or 
embedded in it. 

Inclusion Body (Fig. 6A, 6B.)—Part of 
an intranuclear inclusion body at higher 
magnification is shown. In figure 6A, most 
particles have a dense central body. In 
figure 6B, most have uniform electron den- 
sity and a few have transparent cores. 

In the sections from which methacrylate 
was not removed, it was difficult to meas- 
ure accurately the size of the particle be- 
cause the edges were not sharp. Neverthe- 
less, an effort was made to measure the 
diameters of a number of particles with 
typical forms. Relatively large particles 
were selected for measurement, to avoid 
any low values in those instances in which 
a section failed to pass through the center 
of a particle. In ovoid-shaped particles, 
the major axis was measured. The average 
diameter of 100 particles selected from five 
inclusions was about 65 mu. 

Nucleus with Inclusion Body (Fig. 7).— 
A nucleus containing an inclusion body 
which is considered at the early stage of 
development is shown. It is noteworthy 
that only a few viral particles are con- 
tained, in spite of the large quantity of 
matrix. Although there are some particles 
which seem to have been formed by seg- 
mentation from the strands composing the 
matrix, such configuration may represent 
an artifact caused by the procedure of 
shadow casting. 

This and the 


coarse 


three micrographs 
(fig. 8-10) are negative prints of sections 
shadowed after removal of the embedding 
medium. 

Inclusion Body (Fig. 8). 
body is lying in the central part of a nu- 


next 


An inelusion 


Fig. 3—Part of a hepatic cell from dog 1, killed on the third day after inoculation, showing 
the nucleus, which is considered to represent the early stage of development of the inclusion 
body. x 19,600. 
Fig. 4—A hepatic cell from dog 5, killed on the fourth day after inoculation, showing a large 
intranuclear inclusion body in the center of the nucleus. x 4,400. 
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Fig. 5—A portion of an intranuclear inclusion body from dog 1, showing numerous viral 
particles and a moderately electron-dense, amorphous material. x 28,200. 
Fig. 6A and 6B.—A portion of an intranuclear inclusion body from dog 1, containing various 
forms of viral particles. x 35,560. 
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Fig. 7—An inclusion body lying in the central part of the nucleus of a hepatic cell from 
dog 1. x 14,560. 
Fig. 8—An inclusion body consisting of numerous viral particles and a dense matrix is seen 
in the center of a nucleus of a hepatic cell from dog 2. x 14,000. 
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Fig. 10—Part of an inclusion body in the nucleus of a hepatic cell from dog 5. 
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cleus of a hepatic cell. The inclusion is 
composed of a dense matrix with numerous 
viral particles accumulated in its coarse 
network. Large, dense masses and a nar- 
row, dense zone just inside the nuclear 
membrane are considered to represent nu- 
cleoli and marginated chromatin, respec- 
tively. 

Advanced Inclusion Body (Fig. 9).—A 
portion of a nucleus containing a large 
inclusion body which is considered to be 
in an advanced stage of development is 
shown. The nuclear membrane extends 
from the upper left corner to the lower 
center of the picture. Numerous viral par- 
ticles are scattered all over the nucleus. 

As shown in this figure, with the increase 
of viral particles, a cluster of particles 
expands to the nuclear membrane and re- 
places the matrix progressively. 

Portion of Inclusion Body (Fig. 10).— 
A portion of an inclusion body at a higher 
magnification is shown. Most viral par- 
ticles are almost spherical, but some show 
an empty ring form and others have a 
small central protuberance. The nuclear 
membrane with marginated chromatin is 
seen near the right border of the figure. 

Particles in the sections shadowed with 
chromium also were measured by the 
method deseribed for figure 6. The aver- 
age diameter of 100 particles in five in- 
clusions was approximately 71 mu. 


Discussion 

It has been shown in this study that the 
intranuclear inclusion bodies in the he- 
patie parenchymal cells consist of an amor- 
phous matrix and numerous viral particles. 
These particles are considered to be those 
of virus itself because of the following 
facts: (a) The particles have never been 
found in the hepatic cells of uninfected 
animals; (b) they have been found within 
the intranuclear inclusion body which was 
suggested, by the fluorescent antibody tech- 
nique ' and a cytochemical study,’ to con- 
tain virus or some material closely related 
to virus, or both; (c) they could be divided 
into three types, uniformly electron-dense 
particles, those containing a dense central 
body, and those possessing a transparent 
core, thus structurally resembling other 
viruses ;*-®:§-9,11,13,14 and (d) their size 
and shape are almost compatible with the 
results obtained by Hirato et al." from the 
electron microscopy of purified prepara- 
tions of this virus. 
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Estimations of particle size have indi- 
cated the average diameter of about 65 my 
in sections from which the embedding 
plastic was not removed and that of about 
71 mp in shadowed preparations. This 
difference in particle size between both 
types of preparations might be explained 
by effects of the procedure of shadow cast- 
ing, as reported by Morgan et al.* in the 
case of herpes simplex virus. 

Coffin et al.’ traced, by the fluorescent 
antibody technique, the sequence of virus 
invasion into the cell and the development 
of the inclusion body, and concluded that 
the increase of virus in the nuclei began 
on the nuclear membrane and spread from 
there to the interior of the nucleus, with 
the gradual formation of larger granules; 
also that homogeneous inclusion bodies 
subsequently appeared. In this investiga- 
tion, however, it has been observed that, 
coincident with the appearance of mar- 
ginated chromatin, the matrix which was 
considered to have been derived mostly 
from chromatin accumulated in the cen- 
tral area of the nucleus. Then viral par- 
ticles made their appearance in close re- 
lationship to the matrix. With the gradual 
decrease of the matrix, viral particles in- 
creased ir number and finally spread all 
over the nucleus. These observations sug- 
gest that the matrix may perhaps be uti- 
lized for viral particle formation. Accord- 
ingly, a question arises as to whether the 
specific v' ral antigen demonstrated by the 
fluoresce::it antibody technique represents 
particles of virus itself. Further work is 
required for more precise information on 
this point. 


SuMMARY 


The intranuclear inclusion bodies in the 
hepatic parenchymal cells of pups experi- 
mentally infected with infectious canine 
hepatitis virus were studied by electron 
microscopy. They were identified readily 
in thin sections under the electron micro- 
scope, because their appearance resembled 
that observed by light microscopy. 


The inclusion bodies were composed of 
numerous viral particles and an amorphous 
matrix. The average diameter of the par- 
ticles was approximately 65 my in sections 
from which the embedding plastic was not 


removed, and approximately 71 
shadowed preparations. 
The particles could be divided into three 


mu in 
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types—uniformly dense particles, those 


containing a dense central body, and those 
with transparent cores. 

The matrix appeared to have been de- 
rived mostly from chromatin and to have 
been utilized for viral particle formation. 
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Prophylactic Therapy Against the Developing Stages of 
Dirofilaria Immitis Before Reaching the Canine Heart 


SEIJI KUME, D.V.M., Ph.D. 


Tokyo, 


LITTLE INFORMATION and no definite data 
are available on the effect of any thera- 
peutic agent on the developing stages of 
Dirofilaria immitis in the dog. Neverthe- 
less, these are the stages which must be 
destroyed by a therapeutic agent for which 
any prophylactic claims can be made. 

In 1942, the author’? obtained that 
the developing stages were destroyed by twice the 
dose of antimony which was required to kill the 
microfilariae. Twenty-three dogs were given twice 
the microfilaricidal dose of antimony, 7 were given 
the microfilaricidal and 5 untreated 
while exposed to natural infections during the 
Four of the 5 untreated control dogs 
and 3 of the 7 given the microfilaricidal dose had 
adult filariae in their hearts on subsequent post- 
mortem examination. No worms were found in 
the hearts of the 23 dogs which had been given 
twice the microfilaricidal dose of antimony. 

In view of the uncertainty of natural 
infection, it seemed desirable to repeat the 
study under controlled conditions. Al- 
though antimonials have little prospect of 
having practical prophylactic value, only 
such compounds give any indication of 
prophylactic action. Accordingly, it ap- 
peared that much could be learned by 
beginning with an antimonial. 


evidence 


dose, were 


summer. 


MATERIALS AND METHODS 


to 
100 
the 


Pups whelped during the winter were sent 
nonenzootie areas in the about 
from Tokyo, before of 


mosquito season. 


mountains, 
miles the advent 
for D. 
immitis, were collected, raised in the laboratory, 


Pupae of Aedes togoi, a suitable host 


and the emerging adult mosquitoes fed on dogs 
with a microfilaremia. They were then transported 
to the dogs. The infective 
were dissected from the mosquitoes and 


experimental larvae 
injected 
into these dogs. 


worms first 


subcutaneously 

Since the 
85 days postinfection and the migration appears 
to be within 120 


appear in the heart about 


completed days postinfection,* 
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therapy was initiated 30 or 60 days postinfection 
and the dogs killed for necropsy not less than 120 
days postinfection. Treatment given sub- 
cutaneously, and the drug used was sodium anti 
monyl pyrogallol sulfonate (Lyo-Antimon). Since 
the author had found that three daily subcuta- 
neous doses of 3.0 mg. of antimony per kilogram 
of body weight killed the microfilariae,’ and had 
earlier found indications that twice the micro- 
filaricidal dose was required to kill the developing 
worms, the treatment increased to five to 
seven such daily doses in this attempt at prophy- 
lactic therapy. At necropsy, all intermediate lo- 
cations where developing worms have been found, 
subcutaneous fat, submuscular membranes, 
muscles, and subserosa, were carefully examined 
for worms, as well as the heart and pulmonary 


was 


was 


artery. 
RESULTS 


It will be seen (table 1) that no worms 
were recovered either from the 6 dogs (8 
to 13) for which treatment was started 30 
days postinfection or from the 7 for which 
treatment was begun 60 days postinfection 
(1 to 7). The 4 untreated controls (14 to 
17) were all infected, including the 2 dogs 
killed early to find the migrating stages. 
The failure to find any worms in the un- 
infected, untreated controls (18, 19) sup- 
ports the indication that no natural trans- 
mission occurs in this area. 


DIscUSSION 


The data show that antimony, in the 
form of sodium antimonyl pyrogallol sul- 
fonate, at twice the microfilaricidal 
can prevent the development of D. immitis, 
when given to dogs early in the course of 
infection. Previous studies have indicated 
that the microfilaricidal would not 
accomplish this. However, further studies 
are required to determine more accurately 
the minimum protective dose and whether 
antimonials could be developed as practical 
prophylactic agents. However, it would 
appear more desirable to pursue such 
studies with arsenicals or with diethyl- 
earbamazine. The latter can be adminis- 
tered per os and has been suggested as a 
prophylactic agent. The author has seen 
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TABLE i—The Results of Prophylactic Treatment of Experimental Infection of Dirofilaria 
Immitis in the Dog * 


Infection Treatment Worms in 
heart or 
No Day No. Day of pulmonary 


) > 
larvae Date initiated ses necropsy artery 


111 July 15 60 2 0 

110 July 16 60 

105 July 16 60 

114 July 15 60 

104 July 1 60 

110 July 16 60 

131 July 16 60 

128 Aug. 1 30 

108 Aug. li 30 

123 Aug. 30 

107 Aug. 30 

102 Aug. 14 30 

116 

153 y lf 0 

116 July 15 ‘ 0 

101 July 15 vida 0 

122 y 14 ea 0 
0 0 

19 0 sone 0 


ne 


* Each daily dose was 5.0 mg. of antimony per kilogram of body weight; ¢t days postinfection; ** none 
in heart or pulmonary artery, all found in intermediate locations 


no data from experimentally controlled SUMMARY 
studies either in support or denial of the 
suggestion. 

Diethylearbamazine, like antimony, is a 
primary microfilaricide. However, anti- 
mony appears to be the more active of the 


Antimony, in twice the microfilaricidal 
dose, was shown to prevent the development 
of Dirofilaria immitis in experimentally 
infected dogs, the first concrete evidence 
that any therapeutic agent is prophylactic. 
It is suggested that both diethylearbamazine 
and the arsenicals be similarly evaluated. 


two against the microfilariae.* If antimony 
had failed to destroy the developing 
worms, there would be little reason to ex- 
pect such results from the less active References 

diethylearbamazine. Now that the activity 1Kume, S., Furukuwa, J., and Itagaki, S.: Compara 


of antimony against the developing worms ‘ve Test of Vitality Between the Microfilariae and the 
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Some Observations Concerning the Presence of Spirilla 
in the Fundic Glands of Dogs and Cats 


ALVIN F. WEBER, D.V.M., Ph.D.; OSMAN HASA, D.V.M., Ph.D.; 
JAY H. SAUTTER, D.V.M., Ph.D. 


St. Paul, Minnesota 


ALTHOUGH SPIRILLA are, apparently, con- 
sistently present in the parietal cells of 
the fundie glandular regions of dog and 
cat stomachs, the authors have found no 
American literature which reports this 
fact. The purpose of this paper is to call 
attention to these bacterial gastric inhabi- 
tants, since they may be a factor in the 
cause of gastritis in dogs and cats, and 
may also be of public health interest. 


REVIEW OF LITERATURE 


Rappin * apparently made the original discovery 
of spirilla in the stomachs of dogs in 1881. Ae 
cordingly, and Breed et listed the 
microorganism involved as Spirillum  rappini. 
Dubosq and Lebailly,° who apparently were un 
aware of Rappin’s work, listed Bizzozero* as the 
original discoverer of these spirilla and gave them 
the name of Spirella canis. 

The most extensive investigation concerning the 
occurrence of spirilla in the stomachs of small 
animals is that of Salomon,” who observed them 
in the lumina of fundie glands, in the intracellular 
canaliculi of parietal cells and, at times, in the 
cytoplasm. Many wild, as well as domestic, species, 
including birds, were investigated and, of these, 
only the dog, eat, and brown Norway rat were 
found to harbor the organism. Dubosq and Le 
bailly ° also found them in a fox. 

Salomon™ was successful in transmitting spi- 
rilla into the fundie glands of white mice, but 
failed to infect birds and frogs. Both he and 
Bizzozero’ reported that the intracellular canal 
iculi and the cytoplasmic vacuoles abnor 
mally enlarged when numerous spirilla were 
present. However, Hamberger’ observed that the 
occurrence and increase in size of 
vacuoles in parietal cells was a normal 
prandial event in dogs. 

Salomon ™ 


were 


cytoplasmic 
post- 


reported that no leukocytic response 
was present, even in cases where there were large 
accumulations of spirilla. 
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Bizzozero,, Salomon,” and Dubosq and Le- 
bailly® presented detailed morphological descrip 
tions of the spirilla, indicating that the majority 
of the microorganisms have three to 24 coils, each 
about 1 yw in length, with the most frequent num- 
ber of coils being nine to 11. One to several 
flagella, each 3 to 4 uw in length, were observed to 
extend from each end of the Spirillum organisms. 
Some spirilla had flagella at only one end, which 
is believed to be the result of recent transverse 
division of a parent form. 

Salomon™ reported three simultaneously occur 
ring forms of spirilla in the stomachs of dogs. 
The main differences between these forms were 
in the degree of tightness of the coils, the pres 
ence or absence of tapering coils near the ex 
tremities, and variations in the diameter of the 
spirillar body. 

Salomon “™ and Dubosq and Lebailly*® were able 
to find numerous spirilla, which had a peculiar 
‘*drilling’’ locomotory motion, in gastric mucosal 
scrapings from dogs and These authors 
found that Giemsa-type staining solutions were 
most successful in staining spirilla in tissues or 
dried mucosal preparations. 


cats. 


MATERIALS AND METHODS 


Numerous spirillar forms were first observed by 
one of the authors (Weber) in parietal cells of 
histological sections of dog stomachs which were 
being prepared for classroom Samples for 
further observations were obtained from healthy, 
adult animals (15 dogs and 12 eats of various 
breeds) which euthanatized after use fo1 
demonstrations. Similar tissues were 
obtcined from 3 kittens, 1 month old. 

The gross sections of the fundie region of the 
stomach were approximately 30 mm. in length 
and taken near the esophageal end in a 
median saggital plane, to include portions of the 
greater and lesser curvature. 

The tissues were fixed in mereury-formol-saline 
solution * and processed via dioxane through the 
paraffin technique. Sections were cut 8 yw in thick- 
ness and were stained with Harris’ hematoxylin * 
and, eosin, Groate’s iron hematoxylin,’ Crossman’s 
modification of Mallory’s triple stain,* and Gi- 
emsa’s blood stain.* Smears were stained success 
fully with Giemsa’s stain, but unsuccessfully with 
the modified Warthin technique * for spirochetes. 

Mucosal scrapings were diluted with tap water, 
mounted on glass slides, and examined for spirilla, 
using dark-field illumination. 


use, 


were 
classroom 


were 
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RESULTS 


It was found that Harris’ hematoxylin 
stained spirilla only slightly, while with 
Groate’s iron hematoxylin they were con- 
stantly well stained. 

All the preparations of the fundice glands 
of the adult dogs and cats contained spi- 


rilla. The fundic glands of most of these 
animals contained large numbers of these 
microorganisms, with the cats, on the aver- 
age, hav.ng greater numbers. No spirilla 
were observed in the fundic glands of the 
kittens. 

The spirilla were located principally in 
the glandular lumina adjacent to parietal 
cells and, to a marked extent, within the 
parietal cells (fig. 1). They were also ob- 
served in large numbers in the gastric pits 
and within and beneath the mucus which 
overlies the surface epithelium. 

The intracellular canaliculi of 
parietal cells contained 1 to 12 or 
spirilla (fig. 2). In most of these cells, the 
canaliculi were enlarged only enough to 
accommodate the organisms. In many other 
instances, however, the intracellular canal- 
iculi were enlarged to the extent that only 
small perinuclear and external cytoplasmic 
rims of cytoplasm remained (fig. 3, 4). The 
nuclei usually appeared normal in these 


involved 
more 
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Fig. 1 and 2—Spirilla in the lumina of pari- 

etal cells and in or entering the intracellular 

canaliculi of parietal cells of the fundic 

regions of the stomachs of 2 adult dogs. 
Figure 1, x°800; 2 x 1,300. 


Fig. 3—Parietal cells of the fundic part of the 

stomach of an adult dog. Notice the large intra- 

cytoplasmic cavities containing spirilla. The nu- 

cleus of the upper cell appears to be essentially 
normal. x 1,300. 
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instances, though they seemed to be almost 
completely separated from the periphery 
of the cell by the enlarged canaliculus. 
Frequently, spirilla were scattered at ran- 
dom in the cytoplasm. In most of these 
instances, the nuclei and cytoplasm showed 
beginning degenerative changes. Occasion- 
ally, shrunken parietal cells with pyknotie 
nuclei, some of which contained numerous 
spirilla while some contained none, were 
observed floating freely in the fundiec 
glandular lumina. In all instances, cyto- 
plasmic changes of considerable magnitude 
occurred before nuclear changes began to 
be manifested. 

Although the spirilla were basically 
similar in both species, those observed in 
cat stomachs were thinner, with more 
coils. In eats, most spirilla had between 
12 and 24 coils, while in dogs most had 
four to eight (fig. 5). The diameter of the 
filament was approximately 0.2 to 0.3 » in 
cats, and 0.4 to 0.5 » in dogs. The length of 
one coil in dogs was approximately 1.2 un, 
and was approximately 0.8 » in eats. In 
dogs, spirilla frequently had tapering ends. 
In these, the body thickness was less and 
the coils were longer and narrower at the 
extremities. Also in dogs, some spirilla 
with a looser or more open arrangement 
throughout their entire length were found. 
Terminal flagella were not observed in any 
of the fixed and stained preparations. 

Living spirilla which were observed 
under dark-field illumination had a group 
of extremely vibratile flagella at either end. 
The microorganisms darted rapidly and 
almost continuously in straight or slightly 
curved paths of locomotion. Rapid rota- 
tory movements in a corkscrew fashion, 
which were initiated by flagellar activity, 
appeared to be the means of propulsion. 
During intervals when the spirilla were 
not in rotational motion, the flagella re- 
mained in constant rapid motion. 

None of the living spirilla had tapered 
extremities or loose coils similar to those 
seen in fixed preparations from dogs. 


DiIscUSSION 


The presence of spirilla in the fundic 
regions of the stomachs of dogs and eats 
may have been unobserved because rou- 
tinely used stains, such as nonferrous 
hematoxylin and eosin, do not stain them, 
and because they probably do not produce 
sufficient clinical manifestations or patho- 


IN DoGs AND CATS 


Fig. 4—Parietal cell of the fundic part of the 

stomach of a cat, which contains numerous inter- 

cytoplasmic spirilla. Notice that the nucleus ap- 

pears essentially normal, while only a thin shell 
of cytoplasm remains. x 1,000. 


logical changes to draw special attention 
from investigators. 

Spirilla apparently are mildly patho- 
genic, rather than purely saprophytic, be- 
cause a significant number of parietal cells 
showed cytopathic changes assumed to be 
due to the presence of the organisms. How- 
ever, evidence of interstitial cellular re- 


action to the presence of spirilla was essen- 


tially absent. This would be expected, 
since the spirilla invade only one type of 
epithelial cell and were never found to 
enter the subepithelial tissue. 


Fig. 5—A Giemsa-stained smear of spirilla from a 

dog’s stomach. Notice that the longer forms are 

approximately twice the size and contain approxi- 

mately twice the number of coils of the shorter 
forms. x 1,000. 
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Spirilla seem to have an exclusive predi- 
leetion for parietal cells, but whether this 
is because of the lower pH of the environ- 
ment, the presence of HCl or one of its 
precursors or zymogens, or the presence of 
some unknown factor produced by these 
glandular cells remains to be determined. 


SUMMARY AND CONCLUSIONS 


1) Spirilla (Spirilum rappini, Spirella 
canis) were found in the fundie regions of 
the stomachs of normal, adult dogs (15) 
and cats (12), but not in 3 kittens. 

2) The spirilla were located principally 
in the lumina and the parietal cells of the 
fundie glands, showing an exclusive predi- 
lection for the latter. Most of the spirilla 
apparentaly were in the intracellular canal- 
iculi of the parietal cells, but at times also 
appeared within the cytoplasm. The or- 
ganisms also were present beneath and 
within the mucus which overlies the sur- 
face epithelium. 

3) The spirilla appeared to be patho- 
genic, rather than saprophytic. They were 
cytopathogenic, to a slight degree, for pari- 
etal cells only. The changes seemed to in- 
volve a progressive enlargement of the 
intracellular canaliculi, followed by degen- 
erative changes in the nucleus and eyto- 
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plasm, but the rate of degeneration of the 
invaded parietal cells appeared to be low. 
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A Study of the Mechanism of the Experimentally Induced 
Pendulous Crop in the Turkey 


R. H. RIGDON, M.D.; T. M. FERGUSON, Ph.D.; G. L. FELDMAN, M.S.; 
H. O. WHEELER, M.S.; J. R. COUCH, Ph.D. 


Galveston and College Station, Texas 


PENDULOUS crROP (fig. 1) has been defined 
as an abnormality characterized by either 
a temporary or a ‘permanent distention of 
the crop with stagnant liquid or semiliquid 
contents which may constitute as much as 
30 per cent of the bird’s weight.‘ The cause 
of pendulous crop has been attributed to 
several factors, including the amount of 
protein in the ration* and heredity.’ In 
turkey poults it has been produced by feed- 
ing a synthetic ration, with cerelose as the 
carbohydrate ;'* a Saccharomyces always 
was found in these pendulous crops. My- 
cotic infections frequently have been ob- 
served in such crops.*:* 


EXPERIMENTAL PROCEDURE AND 
OBSERVATIONS 


Day-old Broad-Breasted Bronze turkey poults 
were placed in batteries and fed a synthetic ration. 
The principal and control groups were fed the 
ration except that, as the source of the 
earbohydrate, the principal group was given cere- 
lose and the control group starch. The composition 
of the ration is shown (table 1). Food and water 
were available at all times. 


same 


Experimental Production of Pendulous Crops. 
The technique used to produce pendulous crops in 
these turkeys was described previously.” The inei- 
dence was 100 per cent in 150 birds fed the ration 
containing cerelose. Turkeys fed the cerelose ra- 
tion gained in weight during the first four weeks, 
approximately the same as the birds fed the starch 
ration, but after this they failed to gain and 
progressively became weak and listless until death. 

From the 
Texas Medical 
of Poultry 
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Experiment Station, College Station. Mr. 
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stitute of Neurological Diseases and Blindness, of the 
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Pearl River, N.Y.; biotin, Hoffman-LaRoche, Inc., Nut- 
ley, N.J.; soybean oil, the Buckeye Cellulose Corp., 
Cincinnati, Ohio; methionine and glycine, Dow Chemical 


After ten weeks, 48 per cent of the birds on the 
cerelose ration and 24 per cent of the control 
birds had died. The cause of death in these 
turkeys is not known; however, studies are being 
made in an attempt to establish the histological 
changes that accompany death. 

Histology and Pathology of the Crop.— 
The crop (4 normal, 10 pendulous) was 
studied histologically. Immediately after 
each turkey was killed, the crop was filled 
through the esophagus with a 4.0 per cent 


Fig. 1—A turkey, 8 weeks old, fed a ration con- 
taining cerelose. The feathers have been plucked 
from the area to show the pendulous crop. 


solution of formaldehyde. The skin and 
subcutaneous tissues were removed and the 
crop was dissected away from the thorax 
and placed in a solution of formaldehyde 
for further fixation. Five or more sections 
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TABLE i—Composition of the Ration 


Cerelose or starch 
Soybean protein” 

Soybean oil 

Vitamin mix.......... 

Mineral mix. 


( 


MINERAL MIX (AMOUNT/KG.) 
Gm 
Gm. 
Gm. 
Gm. 
Gm. 
Gm. 
Gm. 
meg. 
mg. 
mg. 
mg. 


03 

10 

5.00 
3.00 
.76 

.60 

14 
40.00 
...20.00 
.- 14.00 


Calcium carbonate.. 

Dicalcium phosphate 

Sodium chloride........... 

Potassium chloride. 

Magnesium sulfate 

Ferric citrate 

Manganese sulfate...... 

Cupric sulfate 

Zine chloride 


Poaduced by Drackett Products Co., Cincinnati, 
were removed for histological study from 
different portions of the wall of each crop, 
aleng with sections from the esophagus 
and proventriculus. These were stained 
routinely with hematoxylin and eosin. 
Microscopically, the crop is lined with 
a thick layer of squamous epithelium. On 
the surface of this epithelium, in an ocea- 
sional section, there may be a few poly- 
morphonuclear leukocytes, some of which 
invade the squamous epithelium for a short 
distance. This inflammatory reaction al- 
ways is minimum. In the stroma beneath 


Tu 
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MIX (AMOUNT/KG.) 


VITAMIN 
44.0 mg 
1.0 Gm 
10.0 mg 
8.0 mg 
16.0 mg 
8.0 mg. 
120.0 mg. 
5.0 mg. 
2.0 mg 
20.0 mg. 
1.) Gm. 
0.2 mg. 
7.5 Gm 
4.0 Gm, 
50.0 mg 
500.0 mg. 
0.5 mg. 
5.0 we 
2.0 Gm 


Vitamin A (10,000 I.U./Gm.) 
Vitamin Ds (200,000 I.C.U./Gm.) 

‘alcium pantothenate 

Pyridoxine hydrochloride 


Inositol...... 
Methionine. 


Chlortetracycline (crystalline) 


Butylated hydroxytoluene. 
Menadione sodium bisulfite 
Vitamin Buz............ 


Ohio 


the squamous epithelium, in some of the 
sections, are a few small groups of lympho- 
cytes. Large mucin-secreting glands lined 
by tall columnar epithelial cells are present 
in the stroma beneath the squamous epithe- 
lium in the areas adjacent to the esophagus 
and proventriculus. These areas represent 
approximately one third of the total area 
of the crop. These glands communicate with 
the lumen of the crop through small chan- 
nels in the squamous epithelium, which 
are shown (fig. 2) as small granules in the 


- 34662 
4-37 
7 Fig. 2—A turkey crop 
filled with witb 


part of the wall removed 


latex, 


to show the dark granu- 
the 


indicating the sites where 


lar areas in latex, 


the mucus-secreting 
the 


the esophagus 


glands empty into 
lumen of 


(b) and the crop (a). 
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PENDULOUS CROP 
latex*-filled esophagus and the adjacent 
portion of the crop. To prepare this speci- 
men, a cannula was put into the esophagus 
immediately after a normal turkey, 6 weeks 
old, was killed. The latex entered by 
gravity from an attached funnel. After 
filling the crop, the esophagus was ligated 
and the entire bird was put into a con- 
tainer with a solution of formaldehyde 
(4%) and acetic acid (4%). After fixing 
for 48 hours, the skin, the outer one third 
of the wall of the crop, and the adjacent 
portion of the esophagus were removed. 

The wall of the crop, in addition to the 
squamous epithelium, has three layers of 
muscles similar to those in the esophagus 
(fig. 3). No histological changes of interest 
were observed in the epithelium and the 
muscle of pendulous crops, except that 
areas varied in thickness. How much of 
this variation resulted from the distention 
of the crop and how much was due to a 

* Obtained from the Polson 
Ohio. 


Rubber Co., Garrettsville, 


3—Section of the 
wall of the turkey crop, 
the 
epithelium (a) and the 


Fig. 


showing squamous 

three layers of muscle 

(b,c,d). H & E stain; 
x 150. 
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true anatomic change could not be deter- 
mined from these specimens. 

Observations were made on both the for- 
malin- and latex-injected specimens to see 
if the orifices of the esophagus and pro- 
ventriculus were obstructed in the birds 
with pendulous crops. Anatomically, the 
orifices did not appear to be affected. 

Physiology of the Crop—Broad-Breasted 
Bronze turkeys were used in this study; 
5 birds, 9 weeks old, had pendulous crops 
and 4 birds, 6 weeks old, were normal. All 
feedings were discontinued 18 to 24 hours 
before the experiment was started. The 
turkeys were anesthetized with ether and 
all except 2 were viable during the entire 
experiment. 

An incision was made in the skin of the 
neck parallel to the esophagus in the area 
of the crop. The proventriculus adjacent 
to the crop was ligated at the point indi- 
cated by the arrow with the aid of an 
aneurysm needle (fig. 4). A cannula with 
an attached plastic tube was put into the 
middle third of the esophagus; on the 
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TABLE 2—Residual Barium in the Crop at Intervals, as Shown by Roentgenograms 


Weight 
Crop (Gm.) 


Normal 
Normal ,600 
Normal ,532 
Normal ,230 
Pendulous ,265 
Pendulous ,335 
Pendulous 
Pendulous 990 


= barium present; 0 absent 
opposite end of this tube was a Y-shaped 
cannula, one end of which was attached to 
a mercury manometer and the other to a 
syringe. A kymograph was used to record 
the pressures. Various quantities of warm 
tap water were put into the crops of dif- 
ferent birds and the pressures were re- 
eorded. The crop was filled gradually to 
what seemed to be its maximum capacity. 
The water then was removed and the ex- 
periment was repeated. In some turkeys, 
this was repeated three times. 

The curves obtained when the volume of 
water in the crop is plotted against the 
pressure (in millimeters of mercury) are 


shown (graph 1). The five curves on the 


right half of this graph represent turkeys 


with pendulous crops. Three of the latter 
group have a flat type of curve, while the 
curve of 2 approaches that of a normal 
response. There is little residual elasticity 
(tone) in the muscles of the crops in the 
3 birds with the flat type of curve. 

To study further the function of the 
crop in reference to its ability to empty, a 


no observation 


Hours after 90 ml. of barium was given 


7.0—8.0 12.0 


barium sulfate meal was given by stomach 
tube to 8 turkeys, 8 weeks old; 4 were 
normal and 4 had pendulous crops. Food 
and water were discontinued for 18 hours 
before and during this experiment. Ninety 
milliliters of barium were put into the 
esophagus. Some of the barium immedi- 
ately bypassed the crop and entered the 
proventriculus and gizzard. Roentgeno- 
grams were made at intervals during the 
following 24 hours. The presence or ab- 
sence of barium in the crop at different 
times (table 2 Twelve hours 
after the barium was put into the crop, 
some residual barium present in all 
birds with pendulous crops and in 3 of 
the 4 normal birds. Twenty-four hours 
after the barium was given, some residual 
barium was present in 3 of the 4 turkeys 
with pendulous crops, but not in the 4 
normal birds. The progressive decrease in 
the size of the barium-filled crop of a nor- 
mal turkey and a bird with a pendulous 
crop are shown (fig. 5). 
Microflora of the 


is shown 


was 


Crop.—Preliminary 


Graph i—The pressure 
in the crop is plotted 
against volume. The four 
graphs on the left are 
from turkeys with nor- 
mal crops, while the three 
on the right and the two 
in the middle are from 
birds with pendulous 
crops. The flat type of 
as shown on the 
right, indicates a loss of 
tone of the muscle in the 
wall of the pendulous 
crop. 


curve, 
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turkeys fed the cerelose ration. The SV. tel- 
lustris predominated in the crops of the 
turkeys fed the cerelose ration, while C. 
albicans was predominant in the crops of 
the turkeys fed the starch ration. 

Turkey 3839 was fed the cerelose ration 
for approximately eight weeks. A culture 
of the crop contents on three occasions 
showed both C. albicans and S. tellustris 
and, on two occasions, a fungus of the 
genus Aspergillus was cultured, but S. 
tellustris was predominant. Two cultures 
made from the crop 25 and 32 days after 
the ration was changed to that containing 


Fig. 4<—Drawing of the crop to show where the starch showed only C. albicans. The pre- 


proventriculus was ligated for the physiological dominant fungus in the presence of the 
studies. cerelose was S. tellustris but, when the 


ration was changed to starch, C. albicans 
was predominant. 

After feeding the ration containing 
starch to turkey 3854 for about eight 
weeks, two cultures of the crop contents 
, ; : showed C. albicans and a few S. tellustris, 
on two occasions from the crops of 4 and a third culture showed only C. albi- 
normal turkeys, while C. albicans and eqns. Twenty-five days after the ration 
Saccharomyces tellustris repeatedly were was changed to cerelose, a culture from the 
cultured from the pendulous crops of 4 crop showed only SN. tellustris. Three days 


observations on the flora of the turkey crop 
indicated that a study of the fungi might 
be more informative than a study of the 
bacteria. Candida albicans was cultured 


Fig. 5—Barium sulfate in the crop of a normal turkey (4) and one with a pendulous crop (7), 
shown one hour (a), 12 hours (b), and 24 hours (c) after filling. No barium is present in the 
normal crop after 24 hours. 
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later, both C. albicans and S. tellustris 
were cultured from the crop, and five days 
after that, only S. tellustris. Torulopsis 
glabrata also was isolated from the crop 
of this bird. 

Turkey 3893 was kept on the cerelose 
ration; three cultures from the crop 
showed both C. albicans and S. tellustris, 
with the latter predominating. Turkey 
3877 was fed the ration containing starch, 
and both types of fungus were cultured 
from the crop on three occasions, with C. 
albicans predominating. The relative num- 
ber of colonies from the 2 turkeys fed the 
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the 2 fed 
fig. 6). 
Turkeys fed the cerelose ration usually 
regurgitated when they were removed from 
their cages. The crop contents immediately 
after being withdrawn from the 2 turkeys 
fed the cerelose ration and from the 2 fed 
the starch ration are shown (fig. 7). There 
were innumerable small gas bubbles more 
or less uniformly dispersed through the 
crop contents of the 2 turkeys fed the cere- 
lose ration, while few if any bubbles were 
present in the crop contents of the 2 birds 
fed the starch ration. The pH of this crop 


ration and 
ration are shown 


cerelose the starch 


Fig. 6—Fungi in the crop contents of turkeys. One loopful was used to inoculate each plate. 
Sabouraud’s glucose agar mediums with penicillin G and dihydrostreptomycin added were used, 
and plates were cultured at 37 C. for 48 hours. Turkey 3839 was fed the starch ration for four 


weeks; Candida albicans and an Aspergillus are present. 


Turkey 3854 was fed the cerelose 


ration for four weeks; Saccharomyces tellustris is present. Turkey 3893 was fed the cerelose 


ration for eight weeks; C. albicans and S. tellustris are present. 


Turkey 3877 was fed the 


starch ration for eight weeks; only C. albicans is present. 
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material from the turkeys fed the starch 
ration and the cerelose ration varied be- 
tween 4.0 and 5.1. 


DISCUSSION 


Young turkeys fed a ration containing 
cerelose develop a pendulous crop; those 
fed a ration containing starch usually do 
not. The pendulous crop and 
apparently completely disappears when 
the cerelose ration is changed to starch. 
Saccharomyces tellustris grows and multi- 
plies rapidly, both in vitro and in the crops 
of turkeys fed the cerelose ration.® It pro- 
duees a large amount of gas when grown 
in the ration containing cerelose. The en- 
larged crop in the cerelose-fed turkeys 
apparently results from stretching the 
muscle in the wall by the increase of pres- 
sure due to the gas, which is dispersed 
homogeneously as small bubbles through 
the crop contents. The density of the cere- 
lose ration is greater than that of the 
starch; this also may contribute to the 


regresses 


stretching of the muscle. 
The muscular tone of the crop either is 
markedly reduced or completely lost in 


the turkey with a pendulous crop. Such a 
phenomenon would be expected when a 
muscle is continally overstretched for long 
periods of time. When the stretch stimulus 


Fig. 7—Contents of the 
crops of 4 turkeys, im- 
mediately after removal. 
The tubes on the left 
are from 2 turkeys fed 
the starch ration and the 
two on the right are 
from birds fed the cere- 
lose ration. Notice the 
many gas bubbles in the 
two tubes on the right. 
This gas results from 
the growth of Saccharo- 
myces tellustris. 
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is removed, the muscle in time may return 
either partly or completely to its normal 
function. Regression in the size of the 
pendulous crop occurs when the ration is 
changed from the cerelose to either the 
starch or a commercial ration. Older birds 
fed a commercial ration may refuse to eat 
when the ration is changed to the cerelose. 

The radiological observations of 
filled with barium show that pendulous 
crops empty much slower than normal, 
supporting the opinion that the contrac- 
tility of the muscles in the crops of birds 
with pendulous crops is much less than 
that in normal turkeys. In this study, the 
time required for the emptying of the 
barium in the normal bird is greater than 
the time given by Sturkie.’° The empty- 
ing of a normal crop may be retarded by 
the weight of the barium sulfate suspen- 
sion, which is 1.7 times heavier than water 

The histological study of the wall of the 
crop shows no pathological change, either 
in the squamous epithelium, the surround- 
ing fibrous tissue stroma, or in the muscle. 
The absence of a degenerative process in 
the wall of the crop would, in our opinion, 
support the thesis that the loss of tonicity 
results from a physiological disturbance 
in the musele. [t would seem unlikely that 
the development of the pendulous crop in 


crops 
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these turkeys was related in any way to 
disturbances in the vagus nerve. 

Many conditions have been observed to 
be associated with pendulous crops in 
fowl. This experimentally induced pen- 
dulous crop in the turkey is different in 
some respects from those occurring spon- 
taneously.* Observations are being made 
in our laboratories on turkeys with spon- 
taneously occurring pendulous crops. 


SUMMARY 


Pendulous crops were produced experi- 
mentally in young turkeys fed a ration 
containing 52.9 per cent cerelose. These 
crops regressed in size and apparently be- 
came normal either when the birds were 
changed to a commercial ration or when 
starch was substituted for cerelose as the 
source of carbohydrate. 

Saccharomyces tellustris, a gas-produe- 
ing fungus, grows and multiplies rapidly 
in vitro in the presence of cerelose. This 
fungus occurs in large numbers and pro- 
duces much gas in the crops of turkeys fed 
the cerelose ration. The constant internal 
pressure stretches the muscles in the wall 
of the crop, resulting in the loss of muscle 
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tone which is characteristic of this type of 
pendulous crop. 
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Fungi in the Crop of the Turkey 


ANTHONY S. MANFRE, B.A.; H. O. WHEELER, M.S.; G. L. FELDMAN, M.S.; 
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GIERKE,” in 1932, reported a thrushlike in- 
fection in a group of turkeys in California. 
The following year, Hinshaw * was able to 
transmit the infection to turkeys, chickens, 
and rabbits. Wickerham and Rettger® 
identified this yeast as Monilia albicans. 
Candida albicans frequently is present in 
the intestinal tracts of birds.* 

Ainsworth and Austwick! recently iso- 
lated the following fungi from the turkey 
(Meleagris gallopavo): Aspergillus flavus, 
Aspergillus fumigatus, C. albicans, Candida 
krusei, and Torulopsis V.250. Other fungi 
previously isolated from the turkey! are: 
Verticillium V.576/9, Trichosporon cuta- 
neum, Trichosporon famata, Torulopsis 
candida, Rhizopus mucilaginosa, Penicil- 
lium spinulosum, Peniciliium crustosum, 
Geotrichum candidium, Fusarium sambu- 
conum, Candida guilliermondii, Aspergillus 
versicolor, Aspergillus tereus, Saccharo- 
myces cerevistae, Mucor racemosus, Ab- 
sidia ramosa, and Absidia corymbifera. 

It is of interest that Van der Walt,® in 
1957, reported a new yeast, Saccharomyces 
tellustris, from the soil of South Africa. 
A similar yeast has now beeu found in the 
crops of turkeys here in America. 

Our interest in the fungi in the crops of 
turkeys resulted from the demonstration of 
Saccharomyces in the crops of turkey 
poults that developed pendulous crops 
when fed a synthetic ration containing 
cerelose.*:* This paper is a report of the 
fungi found in turkeys with experimentally 
induced pendulous crops. 
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Science, 


MATERIALS AND METHODS 


Fifteen Broad-Breasted Bronze turkeys 
used (table 1). They included 4 normal birds, 12 
weeks old (group A), and 1 adult turkey with a 
spontaneously occurring pendulous crop (group 
B). These 5 birds were kept on a sand floor and 


were 


fed a commercial ration. One young turkey with 
a spontaneously occurring pendulous crop (group 
recently from a farm in Cali 


Two birds, 12 weeks old (group D), were 


C) was obtained 
fornia, 
fed a 
lous crops. 


were fed a 


ration containing cerelose and had pendu 
(group E 

and the 
Five birds, 5 weeks old (group 


Two birds, 12 weeks old 


ration containing starch, 
crops were normal. 
F), were fed a ration containing starch, and the 
The turkeys in groups D, E, 


The composition of 


erops were normal. 
and F were kept in batteries. 
the cerelose and starch rations is given in another 
publication.® 

The content of the crop was obtained by insert 
small rubber tube at 
Samples of the crop contents 


ing into the esophagus a 
tached to a syringe. 
usually were obtained without any difficulty from 
birds with the pendulous crop. However, in some 
of the birds 
to inject a 
before the 
specimens were put 
were plugged with cotton and placed immediately 
refrigerator. 

cultures were made 
were air dried, 


with normal crops, it 
amount of water 
withdrawn. 


tubes 


was necessary 
into the crop 
The 


which 


small 
could be 
large test 


contents 
into 


in a 
from the crop 
fixed 


Smears and 
contents. The former 
a flame, and stained by the Gram technique. Some 
of the smears were stained with methylene blue. 
Fungi were isolated on Sabouraud’s glucose agar 
plates containing a 0.1-ml. solution (280 mg.) of 
dihydrostreptomycin and 10,000 units of penicillin 
G per 500 ml. of medium. Fungi were grown on 
(Difeo) Littman’s oxgall agar mediums and on 
Difeo corn meal agar. A cover glass was placed 
over the surface of the mediums to reduce oxygen 
facilitate the direct 
examination of the growing cultures. 
tion reactions were observed in Difeo purple base 
broth with a 3 per cent concentration of different 
sugars. Smith’s fermentation tubes were used. 
The gas formed by the fungi was tested for its 
earbon dioxide content by bubbling a 
quantity through a concentrated solution of cal- 
cium hydroxide. 

To determine the relative 
in the material from the crop, either a weighed 
quantity or a known volume was diluted in sterile 


over 


microscopic 
Fermenta- 


and to 


tension 


measured 


number of bacteria 
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Serial dilutions were made 
put into Petri dishes, to added 
plain beef extract nutrient agar 45 C. 
After thorough mixing, the plates were incubated 


for 24 hours at 37C. Plates showing from 30 to 
300 


distilled water blanks. 


and which was 


cooled to 


colonies were selected for counting. 


Tellurite chocolate blood agar was used to 


isolate diphtheroids. MaecConkey’s 
was used to detect coliform organisms. 


nutrient agar 
Cultures were made from the rations containing 
and starch and the commercial ration 
used as food for the turkeys. The relative number 
deter 
made. 


cerelose 


ot organisms in these three rations was 
Fermentation studies also were 
Gm. of the different 
of the Smith 


and 


mined, 
Approximately 4 
was put into the bowl fermentation 
tubes, distilled water the 
were shaken, plugged with cotton, and incubated 
at 28C., after 24 and 48 


rations 


was added, tubes 


Readings were made 
hours. 

Fermentation in the presence of fungi isolated 
from the crops of the turkeys was determined in 
both the soluble and the solid components of the 
commercial ration. This 
mixing 25 Gm. of the ration with 80 ml. of dis- 
tilled The supernatant fluid was removed 
ard put into Smith’s fermentation The 
residue was washed with distilled water six times 


was accomplished by 


water. 
tubes. 


TABLE i—Fungi in Crops of Turkeys 


Group 
and 
No Age 


Exper 
days 


Food 


12 weeks ‘ommercial 
Adult 


Young 


ommercial 


‘ommercial 


12 weeks Cerelose 
Cerelose 
Cerelose 

Starch 

Starch 

Starch 

Starch 
weeks Cerelose 
Cerelose 


Cerelose 


Starch 
Starch 
Starch 
Cerelose 
Cerelose 
Cerelose 
Cerelose 
Starch 
Starch 
Starch 


weeks 


5 weeks N 
5 weeks N 


Starch 


Starch 
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and put in Smith’s fermentation tubes. One milli- 
liter of a heavy suspension of fungi was used to 
inoculate the tubes. Similar observations were made 


on the rations containing starch and cerelose. 


EXPERIMENTAL PROCEDURES AND RESULTS 


The relative number of organisms pres- 
ent in the cerelose ration was 1,600 per 
gram; in the starch ration there were 1,300 
per gram, and in the commercial ration, 
4.300 per gram. A few colonies of yeast, 
morphologically consistent with Saecharo- 
myces, were isolated from the ration con- 
taining starch after seven days’ ineubation 
at 37 C. 

Smears made from the contents of the 
crops showed pleomorphic gram-positive 
diphtheroids and gram-positive and gram- 
negative bacilli. The relative number of 
organisms in the crop material from 2 tur- 
keys (group D) fed the ration containing 
cerelose was 1.8 and 13.5 million per milli- 
liter, and 15.4 and 29.5 thousand per milli- 
liter in the 2 birds (group E) fed the 
starch ration. 

Candida albicans 


and S. tellustris were 


and Fermentation Reactions 


C. albicans 8S. tellustris 


fermentation fermentation 


Lactose 


Present 
Dextrose 
Present 
Dextrose 
Maltose 
Sucrose 


Sucrose 


- 


Maltose 


+ 


AG AG A 0 0 


* One specimen from crop, cultured on two occasions; ¢ specimen taken from crop on two occasions and 


cultured. 
All tubes incubated at 37. for ten 
not made; N = normal crop; P = pendulous crop. 


days 


A= acid; 


G=gas; += positive; 0 negative; — test 


B-17 + 0 0 
D-2 
{R390 0 + AG AG 4 0 AG 0 0 0 
AG AG \ 0 AG 0 0 0 
16 { AG AG A 0 i AG 0 0 0 
63 + AG AG \ 0 0 
66 AG AG 4 ) 0 
71 AG AG A ( 0 
0 AG AG \ 0 AG 0 0 0 
} AG AG \ 0 AG 0 0 0 
ft 16 AG AG \ ) AG ) 0 0 
E-2 
bB54 12 weeks N 0 AG AG \ ) AG 0 0 0 
" 3 + AG AG \ ( ( 
16 + AG AG \ ( 
63 0 + AG 0 0 0 
66 ’ AG AG \ 0 } AG 0 0 0 
71 0 ‘7 AG 0 0 0 
877 12 N 0 + AG AG \ 0 t AG 0 0 0 
+ AG AG \ 0 + AG 0 0 0 
16 + AG AG 4 0 j AG 0 0 0 
F-5 
3* Pt 0 AG 0 0 0 


Fig. 1—Saccharomyces 
tellustris isolated from 
the crops of turkeys fed 
the synthetic ration con- 
taining cerelose. (A) 
Growth after 11 days at 
room temperature on 
corn meal agar mediums. 
x 420. (B) Growth after 
11 days at room temper- 
ature on Littman’s ox- 
gall agar mediums. No- 
tice the number of cells 
actively budding. x 1,050. 


Fig. 2—Candida albicans 
isolated from the crops of 
turkeys fed the synthetic 


ration containing starch. 


(A) Growth after 11 
days at room tempera- 
ture on Littman’s oxgall 
agar mediums. x 210. (B) 
Growth after 11 days 
at room temperature on 
Littman’s oxgall agar 
mediums. This shows the 
typical clumping effect 
of blastospores along the 
mycelial pathways. x 420. 


(C) Growth after 11 
days at room tempera- 
ture on corn meal agar 
mediums. This shows the 
characteristic terminal 
chlamydospores. x 1,425. 
(D) Same as (C). x 1,425. 


[ 691 ] 


> 
An 
\ 
\ 
| 
| 
\ 


692 


cultured on one or more occasions from the 
crop material of the 2 turkeys (group D) 
fed the cerelose and the 2 birds (group E) 
fed the starch ration. A fungus of the 
genus Aspergillus also was cultured on 
two occasions from bird T 3839, fed the 
cerelose ration. The cultural characteris- 
tics of the C. albicans and the SN. tellustris 
isolated from the crops of these 4 turkeys 
are as follows: 

Saccharomyces Tellustris—Morphologi- 
cally, the cells are oval and actively bud- 
ding (fig. 1). They do not produce a 
pseudomycelium or a mycelium when 
crown either on Littman’s oxgall agar me- 
dium or on corn meal agar at either 37 C. 
or 20 C. for five to eight days. Thick-walled 
asci with ascospores appear when the or- 
grown on corn meal agar for 
several days under reduced oxygen tension. 
After 24 hours’ growth on Littman’s oxgall 
agar, actively budding oval cells are pres- 
ent, some of which have protoplasmic ex- 
tensions toward other cells, while others 
appear to be linked by the protoplasmic 
Fermentation and gas production 
occur in a 3 per cent dextrose solution at 
37 C. and 20C. when ineubated for ten 
days. Maltose, sucrose, and lactose are not 
fermented under similar conditions (table 
1). Cultures of the S. tellustris have an 
alcoholic aroma when grown on Sabou- 
raud’s glucose agar medium. 

Candida Albicans——A white, opaque, 
convex colony with an entire margin ap- 


ganism 1S 


process. 
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pears in 24 hours on Sabouraud’s glucose 
agar when incubated at 37 C. The culture 
has a definite yeastlike odor. A 3 per cent 
concentration lactose, maltose, 
and dextrose incubated at 37C. for ten 
days shows acid and gas in the maltose and 
dextrose, only acid in the sucrose, and no 
reaction in the lactose (table 1). Spherical, 
terminal chlamydospores develop on corn 
meal agar mediums within 72 hours at 
room temperature under reduced oxygen 
tension. Pseudomycelia and septate mycelia 
develop, with clusters of blastospores, on 
Littman’s oxgall agar mediums within 48 
hours when incubated at 25C. (fig. 2 
Multiple abscesses occur within four to five 
days in the cortices of both kidneys of a 
rabbit given, intravenously, 0.9 ml. of a 
1 per cent suspension of C. albicans in 
saline solution. 

The crop material from the turkeys fed 
the ration containing cerelose always had a 
large number of NS. tellustris and that from 
the birds fed the starch always had a large 
number of C. The ration 
switched on turkeys 3839 (group D) and 
3854 (group E) and the content of the 
crop was recultured. Saccharomyces tellus- 
was not demonstrated on either of 
three occasions from turkey 3839 (group 
D) after the cerelose ration was changed 
to the starch. When the starch ration was 
changed to cerelose in turkey 3854, C. albi- 
cans was cultured only once in three at- 
tempts. Saccharomyces 


of sucrose, 


albicans was 


tris 


tellustris always 


Fig. 3—Smear of crop 
material from turkey 
3839. This bird had been 
fed the synthetic ration 
containing cerelose for 
26 days when the smear 
in (A) was made. Notice 
the many yeasts identi- 
fied as S. tellustris and 
the gram-positive bacilli. 
The cerelose ration was 
changed to starch and, 
13 days later, the smear 
shown in (B) was made. 
Yeasts are absent. 
Gram’s stain; x 1,425. 


we 
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predominated in the growth. Torulopsis 
glabrata also was isolated from the crop 
of turkey 3854 (group E). The variation 
in the number of yeasts in smears made 
from the crop contents of the turkeys fed 
the cerelose and the starch containing ra- 
tions is shown (fig. 3). 

The fermentation reactions of the C. albi- 
cans and the XN. tellustris isolated from the 
4 turkeys fed the rations containing cere- 
lose and starch are given (table 1). When 
these two were used to inoculate 
tubes of cerelose and starch containing con- 
centrations of 4.0 and 15.0 per cent, no fer- 
mentation occurred after an interval of 40 
hours at 28 C. However, fermentation did 
occur when a 4.0 per cent concentration of 
Difco purple base broth was 
used. Gas is produced by both C. 
and S. tellustris when they are grown in 
the ration containing cerelose which was 
used to feed the turkeys (fig. 4). In this 
medium, the S. tellustris produces a much 
larger amount of than C. albicans. 
appears much earlier and in larger 
amounts when a 4.0 per cent Difco purple 
base broth solution of cerelose is inocu- 
lated with S. tellustris than when inocu- 
lated with C. albicans. The gas produced 
is carbon dioxide. 


yeasts 


cerelose in 
albicans 


gas 


Gas 


Two Saccharomyces-like yeasts were cul- 
tured from the crops of 3 turkeys fed 
starch (group F). The organisms were 
similar in 2 of these turkeys and resembled 
the S. tellustris isolated previously from 
the crops of birds fed cerelose. Torulopsis 
glabrata was isolated from the crops of 3 
of the turkeys (group F). The latter veast 
cells were actively budding. No pseudomy- 
celia were present. Some cells had tubular 
protoplasmic processes extending out to- 
ward other cells. There were other yeast 
cells apparently joined by these processes. 
Thick-walled asci were present. The number 
difficult to determine. 
There were at least four or more ascospores 
present within an ascus. 

The cells of the S. tellustris were about 
three-fourths as 'arge as the cells in 7. gla- 
brata. Cells of the latter organisms were 
oval and actively budding. Short pseudo- 
mycelia were present, with three to six 
cells, each being distinctly outlined within 
the pseudomycelium. No protoplasmic ex- 
tensions were observed. There were some 
thick-walled asc: with two ascospores. Fer- 
mentation reactions on dextrose, 


of ascospores was 


sucrose, 
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maltose, and lactose were the same with 7. 
glabrata as they were with S. tellustris. 
Candida albicans was cultured from the 
crops of 2 of the turkeys fed starch (group 
F). A white, opaque, shiny colony with 
entire margins was present on Sabouraud’s 
agar mediums when incubated at 37 C. for 
24 hours. The culture had a definite yeast- 
like odor. Plates containing Littman’s ox- 
gall and corn meal agar, when incubated 
for five days at 37 C., had branching, frond 
like mycelia with pseudomycelia at the ter- 


Fig. 4—The Smith fermentation tubes contain 

the ration with the cerelose, used to feed the tur- 

keys, and distilled water. (A) Inoculated with 

C. albicans; (B) inoculated with S. tellustris. The 

tubes were incubated for 40 hours at 28C. Notice 
the large amount of gas in tube B. 


minal ends of some of the septate mycelia 
Blastospores were present in clumps along 
the mycelia at more or less regular inter- 
vals. Pseudomyecelia, four to eight cells in 
length, radiated from the intervals in three 
dimensions ; these resembled rays emanating 
at regular intervals along the septate my- 
celium. No blastospores or other morpho- 
logical forms were observed in the septate 
mycelial mat. Cells were present in groups 
or colonies, not associated with mycelial 
structures, that were identical to the 
chlamydospores observed in other cultures 
of C. albicans. Blastospores usually were 
oval. However, on Littman’s oxgall agar 
the cells were cylindrical and elongated, 
and some were curved and spindle shaped. 
The fermentation reactions of the C. albi- 
cans are shown (table 1). 

The C. albicans isolated from 1 of the 
turkeys fed starch formed a pellicle with no 
gas bubbles when grown on Sabouraud’s 
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broth for seven days at 37 C. The C. albi- 
cans isolated from one of the normal tur- 
keys fed the commercial ration did not 
show a pellicle in Sabouraud’s broth. 

Candida albicans was cultured from the 
crops of the 4 turkeys fed the commercial 
ration (group A). The cultural and mor- 
phological characteristics of this yeast are 
identical with the C. albicans cultured from 
the crops of 4 turkeys (3839, 3854, 3877, 
and 3893) fed the synthetic ration contain- 
ing either cerelose or starch (groups D and 
E). An identical species of C. albicans was 
obtained from the crop of a turkey received 
recently from California (group C 

Two turkeys (groups B and C) with 
spontaneously occurring pendulous crops 
and fed a commercial ration showed only 
C. albicans in the crop contents. 


DiscUSSION 


In this study of the fungi in the crops of 
15 turkeys, C. albicans was cultured on one 
or more occasions from the crops of 12 of 
the 15 birds. Saccharomyces tellustris was 
cultured from the crops of 7 of the 15 tur- 
keys. Candida albicans was isolated from 
the crops of the 6 turkeys fed a commercial 


ration. Torulopsis glabrata was isolated 
from turkey 3854 (group E) and from 3 
birds fed the starch ration (group F). 
Four turkeys (groups D and E) were fed 
a synthetic ration containing either cerelose 
or starch as the only known source of 
carbohydrates. Candida albicans and S. 
tellustris were present in the crops of these 
4 birds; C. albicans predominated when the 
food containing starch was fed and NS. 
tellustris when the food containing cerelose 
was given. The total number of all organ- 
isms was much greater in the crops of birds 
fed the ration containing cerelose than in 
the crops of birds fed the ration containing 
starch. 

The failure to isolate either C. albicans 
or S. tellustris from the crop of every tur- 
key may not indicate the absence of the one 
or the other type of veast, but does suggest 
that one yeast may predominate. Further 
studies are necessary before it can be con- 
cluded that only a specific fungus occurs in 
the crop of a specific turkey. 

Our studies do show that the fungi grow- 
ing in the crop may be affected by the ra- 
tion fed. Candida albicans was numerous 
in the crops of turkeys fed the ration con- 
taining starch, as used in this experiment. 
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When the starch ration is changed to the 
cerelose ration, the number of C. albicans 
progressively decreases and the number of 
S. tellustris correspondingly increases. 
Conversely, a decrease occurs in the number 
ot S. tellustris in the crop when the starch 
ration is substituted for the cerelose ration. 

The failure of fermentation to occur in 
tubes containing only cerelose or starch 
would suggest that both the C. albicans and 
the S. tellustris are unable to grow and re- 
produce in these two carbohydrate mediums. 
However, when these two fungi are grown 
in the presence of the essential nutrients 
that are present in Difco purple base broth, 
both types of yeasts grow and reproduce 
in the broth containing cerelose, but not 
when starch is used. 

In vitro, S. teliustris grows more luxuri- 
antly in the presence of cerelose than of 
starch. This preference of S. tellustris for 
cerelose has been suggested as the mechan- 
ism for the development of pendulous crop 
in young turkeys fed the ration containing 
cerelose.” Turkeys fed the same ration, 
with starch replacing the cerelose, do not 
develop a pendulous crop. Food may be a 
factor in the development of the spon- 
taneously occurring pendulous crop in 
some turkeys. However, at this time this 
would seem unlikely. 


SUMMARY 


Candida albicans and Saccharomyces 
tellustris oceurred normally in the crops of 
turkeys. The microflora growth in the crop 
of the turkey was affected by the feed eaten 
by the bird. Turkeys fed a ration contain- 
ing adequate amounts of all vitamins, salt 
mixtures, soybean oil, soybean protein, 
and cerelose as the source of carbohydrates 
had many more bacteria and fungi than 
turkeys fed the same ration with starch 
substituted for the cerelose. 

The C. albicans and S. tellustris isolated 
from the crops of these turkeys did not fer- 
ment in a3 per cent solution of cerelose or 
starch. However, fermentation did occur 
in a 3 per cent concentration of cerelose 
in a solution of Difco purple base broth, 
but not in a similar solution with starch 
replacing the cerelose. These observations 
suggest that specific nutrients are essen- 
tial for the growth and multiplication of 
C. albicans and S. tellustris and that they 
are absent in a solution of only cerelose and 
starch. The utilization of certain vitamins 
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Experimental Production of Dissecting Aneurysms in Turkeys 


W. R. PRITCHARD, D.V.M., Ph.D., J.D.; WILSON HENDERSON, D.V.M.; 
C, W. BEALL, B.S. 


Lafayette, Indiana 


DeatH Losses of turkeys from aortic rup- 
tures have been reported in the United 
States,® Canada,” and Great Britain *® 
since 1952. Aortic rupture most often oe- 
curs in the largest male turkeys in a flock, 
between the ages of 10 and 24 weeks. 
Affected birds ordinarily are found dead 
with no preliminary signs of disease. Nec- 
ropsy usually reveals a rupture in the pos- 
terior part of the aorta and a large blood 
clot in the peritoneal cavity. Hemorrhage 
into the pericardial sac, lungs, or kidneys 
sometimes occurs. 

The observations reported in this paper 
were made on field cases of aortic rupture 
presented to the Purdue University Animal 
Disease Diagnostic Laboratory during 1956 
and 1957 and on cases induced experimen- 
tally during 1956. 


REVIEW OF LITERATURE 


The first 
appears to be 


report of aortic rupture in 
that of Durrell et al.,° 
scribed its occurrence in various parts of the 
United States and Canada in 1951 and 1952. Me- 
Sherry et al. » have shown that aortic rupture is 


turkeys 
who de- 


caused by a dissecting aneurysm. Carnaghan* and 
Gibson and De Gruchy * described fatty atheroma- 
tous changes of the intima in the region of the 
dissecting aneurysm. 

The sweet pea, Lathyrus 
recognized as being toxic to man and animals since 
the time of Hippocrates. Geiger et al.,° Ponseti 
and Baird,” and others have produced dissecting 
aneurysms in rats by feeding rations containing 
L. odoratus. MeKay et al.* and Schilling and 
Strong™ have identified the toxie substance in 
L. odoratus as beta (-N-gamma-L-glutamyl) -ami- 
nopropionitrile. has shown that beta- 
aminopropionitrile (BAPN), when fed to rats, will 


odoratus, has been 


produce aortie rupture, as well as other signs of 


lathyrism. Lalich et al.“ and Bird et al.* have 
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Research, 
Veterinary 


Ninety- 
Medical 


produced dissecting aneurysms and skeletal defects 
in turkeys by different levels of 
BAPN. 


feeding them 
MATERIALS AND METHODS 


with 


selected 


Turkeys.—Turkeys ruptured aortas were 
obtained from 12 Indiana turkey flocks. 
Tissues for histological examination were collected 
from birds that had died 


good state of preservation. 


recently and were in a 
The turkeys used for the experimental studies 
were Broad-Breasted Bronze poults of both sexes, 
obtained at 1 They 
metal battery brooders and fed a 20 per cent pro 
tein ration for four weeks. At 4 weeks of age, 
they were allotted at random to seven groups of 25 
turkeys each. 
Experimental Rations. 
protein and fat content, supplemented to provide 


day of age. were housed in 


(tables 
rations of varying 


The rations fed 


were corn and soybean 


minerals and vita 
National 
5, and 2 contained approxi- 


the minimum requirements of 
recommended by the Research 


Council.’ 


mins 
Rations 1, 
mately 35, 27, and 16 per 
added fat. 
mately 27 and 16 per cent protein and 8 per cent 
added animal fat. 
mately 27 per cent protein, 6 per cent added animal 
fat, and 2 per cent added corn oil. Ration 4 was 
identical to ration 2, except that 2.2 Gm. of BAPN* 
per kilogram of ration was added. 

The animal fat beef tallow 
prepared and sold for suuplementation of poultry 


eent protein and no 


Rations 6 and 3 contained approxi- 


Ration 7 contained approxi- 


was a commercial 
According to the manufacturer, it con- 
fatty acids, the 
acids: 0.5 per 


rations. 
tained, in addition to saturated 
following unsaturated fatty cent 
arachadonic, 0.5 per cent linolenic, and 8.0 to 9.0 
per cent linoleic acids. 

The turkeys were fed these rations during the 
entire seven-month experimental period. 

Necropsy.—All turkeys that died were necrop- 
sied. In some instances, the aorta and surrounding 
tissues were fixed in situ with 10 per cent formalin 
while, in others, the heart with the thoracie and 
abdominal aortas attached was removed and fixed 
in formalin. Sections of other and the 
lungs, livers, spleens, kidneys, testes, and muscles 


arteries 


also were preserved. Ten turkeys from each group 
except group 4 were killed during the sixth month 
of the study and tissues were fixed as described. 
Histological Preparations.—All 
fixed in 10 per cent formalin. Tissues to be stained 


tissues were 


* The beta-aminopropionitrile fumarate was supplied by 
Abbott Laboratories, North Chicago, Il 
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TABLE 1—Turkey Rations* Used for Experiments 


Ration No. 


Item 


Protein (%) 
Fat (%) 


Corn 
Soybean meal 
Bone meal 
inimal fat ** 
Corn oil 
EAPN 
Vitamins and 
mineralst 3.95 


* These rations are modifications of a ration 
Poultry Science, Purdue University, Lafayette, 


manganese sulfate, 0.05 Gm.; vitamin Ds (15,000 
0.2 Gm.; niacin, 0.003 Gm.; calcium pantothenate, 
plement (2 Gm. Bi and 3 Gm 
methionine, 0.2 Gm. 


stain fixed 


fixative for at 


Movat’s 
again in formol-sublimate-acetate 
least 24 hours. 


with pentachrome were 


Portions of all tissues were stained with hema 
and and Movat’s 
stain for connective tissues. Selected sections were 
with 


toxylin eosin pentachrome I 


stained ammoniacal silver stains™ for re- 
ticulum. 

Frozen sections of selected tissues were stained 
with Sudan II and osmie acid for fats and sub- 
jected to the Schultz™ reaction for 
These tissues also were examined under polarized 
light. 

Hematology.—Blood (2 ml.) 
needle and syringe from the wing veins of 
10 turkeys from each group, during the fourth 
month of the experiment (except the group fed 
BAPN, all of which had died). The standard mix- 
ture of ammonium and potassium oxalate was used 
The following determina- 
tions hemoglobin, hematocrit, total 
erythrocyte counts, total and differential leukocyte 
counts, and platelet counts. 

Serum Cholesterol and Lipids.—Blood (10 ml.) 
was obtained from the wing veins of all turkeys 
still alive during the fourth month of the experi 
ment. Analyses for total serum cholesterol and 
total serum lipids were made by the methods of 


cholesterol. 


was obtained with 
a dry 


as the anticoagulant. 


were made: 


Pearson” and Wilbur,” respectively. 
RESULTS 

Field Cases.—Fatal aortic ruptures oc- 
curred in the largest turkeys of well- 
managed Indiana flocks of Broad-Breasted 
Bronze and Beltsville Small White turkeys. 
Males were affected predominantly. Rup- 
tures of the atrium with hemorrhage into 
the pericardial sac occurred in some fe- 
males. Most of the flocks studied had been 
fed rations containing 25 to 30 per cent 
protein and 4 to 6 per cent fat. No clinical 
signs of disease were noticed before death 
from aortic rupture. 

On one farm, a flock of Beltsville Small 


developed by 
Ind. ; 

* commercial beef tallow; t ground limestone, 0.1 Gm.; 
units/Gm.), 0.1 Gm.; 
0.002 Gm.;: 
procaine penicillin/lb.), 0.1 Gm.; 


5 
Professor R. E. Roberts, Department of 
+44 per cent hexane-extracted soybean oil meal 
fine granite grit, 0.1 Gm.; iodized salt, 0.45 Gm 
vitamin A (10,000 units/Gm 
riboflavin, 0.005 Gm.; Bi2-antibiotic sup 
choline chloride (25%), 0.8 Gm and 


Whites had been divided at random into 
two groups at 14 weeks of age. The males 
in one of the groups were implanted with 
pellets containing 25 mg. of stilbestrol at 
14 weeks of age, while the others were not 
treated. About 5 per cent of the pelleted 
group died from ruptured aortas within a 
three-week period, but none of the non- 
treated birds died. Both groups were man- 
aged in the same way and fed the same 
ration. 

Necropsy revealed markedly anemic ¢a- 
davers and blood clots in one or more of the 


following locations: pericardial sae, peri- 
toneal cavity, lung, kidney, or leg muscle. 


Ruptures of the aorta, sciatic or femoral 
arteries, or the atria were clearly visible 
grossly. 

Histological examination revealed that 
the aortic ruptures were caused by an in- 
tramedial hemorrhage of the 
type (fig. 1). In each instance, there was 
either a marked intimal thickening or a 
large fibrous intimal plaque in the region 
of the rupture (fig. 2). The intimal plaques 
stained bluish green with Movat’s penta- 
chrome I, which indicates that they may be 
composed of reticular fibers. Many fibro- 
blasts were found in the plaque. 


dissect ing 


TABLE 2—Chemical Analysis of Rations* 


Fiber 
(%) 


Moisture 


Protein 
(%) 


Ration 


5.0 10.8 
3.3 10.3 
3.4 10.9 
10.3 
11.6 
10.3 
10.3 


made through the courtesy of 
Purdue University, Lafayette, 


* These analyses were 
Professor P. B. Curtis, 
Ind 
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1 2 3 4 5 6 7 

P| 35.7 16.4 16.3 16.4 26.5 27.1 27.2 

3.0 3.0 11.1 3.0 2.5 10.1 10.0 

69.2 59.2 69.2 44.6 34.6 54.6 

22.4 24.4 22.4 47.5 49.5 49.5 

4.5 45 4.5 4.0 4.0 

8.9 8.0 

3.95 3.95 

1 5.7 3.0 
2 16 
3 16 11.1 
4 16 3.0 
5 26 2.5 
6 27 10.1 
7 27 10.0 
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Fig. 1—Dissecting aneurysm of the posterior aorta 

of a turkey, showing (A) adventitia, (B) media, 

(C) intima, (D) fibrous plaque, and (E) blood 
clot. x 10. 


Sudan II stains revealed accumulations 
of lipid in the thickened intima (fig. 3), as 
well as in the intimal plaque (fig. 4). This 
lipid material did not stain with osmie acid. 
Serial sections, stained with Sudan II for 
cholesterol and examined under polarized 
light, indicated that most of the lipid was 
cholesterol. 

Dissolution of the elastic laminae of the 
media in the region of the rupture was ob- 
served nearly always. In many instances, 
there was complete disappearance of the 
elastic fibers while, in others, various de- 
grees of fragmentation and disorientation 
were noticed. The elastic laminae some- 
times were completely absent on the rup- 
tured side of the aorta, but were nearly 
normal on the opposite side. 


Fig. 2—Dissecting aneurysm in a turkey, showing 
(A) intimal plaque, (B) thickened intima, (C) 
media, (D) blood clot, and (E) adventitia. x 150. 
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Thickening of the media occurred in the 
region of the rupture. The thickening ap 
peared to be caused mainly by fibroblastic 
proliferation and an increase in ground 
substance. Some edema or vacuolation was 
seen. 

Alterations in the ground substance were 
apparent on the stained with 
Movat’s pentachrome I. Some granular 
material and metachromatic amorphous 
material was seen in some of these sections. 


sections 


An excess of ground substance appeared to 
cause displacement of other structures. 
Ammoniacal silver stains showed exten- 
sive disorientation and disruption of the 
reticulum in the region of the rupture. 
Experimental Production of Dissecting 
Aneurysms with BAPN.—AIl turkeys fed 
ration 2, which was the control ration for 
this part of the study, remained healthy 
during the entire experiment. All the tur- 
keys fed BAPN became unthrifty, failed 
to grow as well as the controls (graph 1), 
were strikingly depressed, and all died 
after consuming BAPN for 13 to 45 days. 


[TABLE 3—Gross Lesions in Turkeys Which Died 
After Consuming BAPN 


Lesions Males Females Totals 


Ruptured aorta } 14 
Ruptured atrium 5” 6* 
Ruptured femoral artery 4* 
No visible lesions 2 2 
Totals 26* 


* One female had hemorrhage of both the atrium and 
the femoral artery 


The gross lesions observed at necropsy of 
turkeys fed BAapN (table 3) included no 
marked skeletal deformities, although many 
bones were soft and could be cut with a 
knife. We have observed, in other studies 
with BAPN, that marked skeletal deformity 
generally does not oceur unless the turkeys 
are started on BAPN at an early age. Hem- 
orrhages occurred in all the turkeys except 
2 males. Of 8 males, 6 had ruptures of the 
posterior aorta (fig. 5), while only 8 of 17 
females developed aortic ruptures. Rup- 
ture of the right atrium (fig. 6) with 
hemorrhage into the pericardial sac oe- 
curred in 6 females, but not in any males. 
Hemorrhage into the leg muscles caused by 
rupture of the femoral artery occurred in 
4 females. 

Histological examination showed that the 
ruptures of the aorta and femoral arteries 
were caused by dissecting aneurysms. In- 
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tramural hemorrhages with no rupture 
were found in many parts of the aortas and 
other large arteries. Subendocardial hem- 
orrhages were present in the atria of some 
females. There was marked dissolution, 
disorientation, and fragmentation of elastic 
fibers in the region of the ruptures. Medial 
thickening was a constant finding, and ap- 
peared to be caused by an increase in 
ground substance and fibroblastic prolifer- 
ation. Sections stained with Movat’s pen- 
tachrome I indicated that alterations in the 
character of the ground substance had oc- 
curred, since considerable metachromatic 
material was present. Ammoniacal silver 
stains revealed disorientation and frag- 
mentation of the reticulum. The intima 
was thickened. Large fibrous plaques com- 
monly were found in the region of the 
rupture. 

Experimental Production of Dissecting 
Aneurysms with a High Protein and Fat 
Ration.—All turkeys fed rations 1, 2, 3, 
and 5 (table 1) remained healthy during 
the entire experiment and made reason- 
ably satisfactory weight gains (graph 2). 
Turkeys fed rations 6 and 7 were healthy 
and gained rapidly for 12 weeks. Between 
weeks 12 and 20, 5 turkeys fed ration 6 and 
1 turkey fed ration 7 died as a result of 
ruptured aortas caused by dissecting aneu- 
rysms (table 4). Two other turkeys fed 
ration 7 developed fatal intestinal hemor- 
rhages. In each instance, these turkeys 
were found dead with no premonitory signs 
of disease. The other birds remained 
healthy during the entire experiment. 

Analysis of specimens obtained during 
week 14 for total serum cholesterol and 
lipids (table 5), and hemoglobin, hema- 
tocrit, total erythrocyte, total and differen- 
tial leukocyte, and platelet determinations 
did not reveal significant differences be- 
tween groups. 

The gross and microscopic pathological 
changes in the turkeys which died were 
indistinguishable from those previously 
described from field cases. No gross lesions 
were observed in the turkeys slaughtered 
during the sixth month of the experiment. 

Striking histological changes that proba- 
bly represent a stage of repair were ob- 
served in some turkeys from all groups 
slaughtered during the sixth month of the 
study. Changes were found in various 
parts of the aorta and many of the other 
large arteries. The mediae of affected ar- 
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AVERAGE WEIGHT L688. 


RATION 


STARTED 


° 

BAPN 

Graph 1—Average body weights of turkeys fed 

BAPN and a control ration and started on the 
experiment at 4 weeks of age. 


WEEKS ow 


teries were thickened as much as two or 
three times; the affected side of the artery 
was usually two or three times the size of 
the essentially nonaffected side (fig. 7, 8). 
Much of the media in the affected area 
appeared to be composed of connective tis- 


Fig. ection of the posterior aorta of a turkey, 
showing (A) fat in intima. Sudan II stain; x 100. 
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TABLE 4—Occurrence of Dissecting Aneurysms in Turkeys Fed Rations Containing Varying 
Levels of Protein and Fat 


Protein 
Rations 


sue. There was marked displacement of 
muscle fibers in some cases. Many fibro- 
blasts were observed in some of these areas 
(fig. 9, 10). The elastic laminae usually 
were absent or grossly displaced in the 
affected area. Individual elastic strands, 
however, often were observed throughout 
the affected area. At the margins of the 
lesions, radiating bands of elastic tissue 
appeared to be in the process of penetrating 
the mass of connective tissue in an attempt 
to bridge the gap created by the scar. Large 
intimal fibrous plaques were present. In 
some instances, the plaques were nearly as 
thick as the wall of the artery (fig. 11). 
These plaques appeared to be composed 
mainly of reticular fibers. Many of the 


A. RATION 6 


RATION 7 
RATION 2 


RATION 5 


RATION | 


4 6 10 12 4 


WEEKS FED RATIONS 

Graph 2—Average body weights of turkeys fed 

rations containing varying levels of protein and 
fat. 


Lesions 


Intestinal 
hemorrhage 


No Dissecting 
turkeys aneurysm 


to 


larger plaques contained extensive elastic 
networks (fig. 10). 


DIscUSSION 


Our observations, on field and experi- 
mental cases, that aortic rupture results 
from a dissecting aneurysm and that the 
condition occurs among the heaviest birds 
in flocks in which weight gains are especi- 
ally great confirm those of McSherry et 
al.° We also consistently found fatty 
atheromatous changes which were indis- 
tinguishable from those described by Car- 
naghan * and Gibson and De Gruchy.® The 
vascular lesions produced in the turkeys 
fed BAPN appeared identical to the lesions 
reported in rats fed L. odoratus or BAPN. 
As far as could be ascertained, there were 
no major differences between the lesions in 
our field cases of dissecting aneurysms, 
those induced in turkeys by feeding BAPN, 
and in experimental cases that occurred in 
turkeys fed a ration high in protein and 
fat. In general, fibroblastic proliferative 
changes were less marked in the BAapn-fed 
turkeys. This may have been because the 
BAPN-induced lesions probably developed 
more rapidly than did those in turkeys fed 
natural rations. Intimal thickening and 


TABLE 5—Average Serum Cholesterol and Total 
Lipids in Turkeys Fed Rations Containing Vary- 
ing Levels of Protein and Fat 


Ration Total cholester Total lipids 


100 ml. 
100 ml. 
100 ml 
100 ml 
100 ml. 
100 ml 


100 76 mg 
100 562 mg. 
100 mg 
10¢ i7 meg. 
100 9m¢g 
100 2mg 


plaque formation was less marked in the 
turkeys that died after consuming BAPN for 
13 to 20 days than in those fed Bapn for 
30 to 45 days. The similarity of the BAPN- 
induced aneurysms and those that occurred 
on natural rations does not indicate that 


700 
(%) (%) 
1 35.7 3.0 
2 16.4 
3 16.3 11.1 
5 26.5 2.5 4 eee 
6 27.1 10.1 2 5 20 
7 27.2 10.0 2 1 2 12 
12 
10 j 
/ 
RATION 3 
a 
” 
6 
/ 1 137 mg 
a 2 168 mg 
154 mg 
5 171 mg 
6 140 mg 
2 7 155 mg 
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the lesions result from the same _ basic 

ix mechanisms. 

Pathogenesis—A complete understand- 
ing of the pathogenesis of dissecting aneu- 
rysms in turkeys might facilitate greatly 
the determination of the basic cause of the 
conditions. Several theories have been ad- 
vanced to explain how a dissecting aneu- 
rysm develops. Early workers ' theorized 
that a dissecting aneurysm resulted from 
laceration of the aortic intima at the site 
of atheromatous plaques or ulcerations. In 
our studies with turkeys fed natural ra- 
tions under field or experimental condi- 
tions, atheromatous plaques or marked inti- 
mal damage always were found associated 
with the dissecting aneurysm. Whether the 
intimal lesions are primary changes or con- 
stitute a reparative process is not known. 
Examination of numerous sections at the 
site of a rupture tends to indicate that the 
intima is ruptured before the media and 
adventitia. Histological examinations of 

slaughtered turkeys revealed ruptures of 

the intima that had not proceeded any fur- 

Fig. 4—Section of intimal plaque from a turkey. 


Notice the fat in the periphery of the lesion. ther. These observations support those of 
Sudan II stain; x 300. Gibson and De Gruchy,® who suggested 


3 4 Wil 


Fig. 5—Rupture of the posterior aorta in a male turkey fed BAPN. 


s 

ge 
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Fig. 6—Rupture of the atrium in a female turkey 
fed BAPN. 


that the initial break occurs in the intima, 
followed by rupture of the rest of the 
vessel. 

Occlusive changes in the vaso vasorum 
have been postulated '* to be the cause of 
aneurysms. No apparent occlusion of these 
vessels or plugging with fat was noticed. 

The aortic media has been considered the 
initial site of damage in the pathogenesis 
of aneurysms.’ Walker and Wirtshafter 7* 
coneluded that the basic aortic changes 


7 
Fig. 7—Section of the posterior aorta of a turkey, showing (A) normal wall and (B) scarred 


media. 


Notice the absence of elastic fibers on the affected side. 
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in lathyrism were destructive elastinolysis 
and reparative fibroblastic proliferation. 
Menzies and Mills ‘® considered the basic 
lesion in the aortas of Lathyrus-fed rats 
to be an accumulation of chondroitin sul- 
fate with a general breakdown of sup- 
porting structures. They considered the 
breakdown of elastic lamellae a part of 
the stage of repair. 

Our observations in field of dis- 
secting aneurysms and in BAPN-induced 
cases support those of Menzies and Mills 
in that we observed an meta- 
chromatic alcian blue-staining ground sub- 
stance and a concomitant disorientation 
and fragmentation of reticulum. Our ob- 
servations also tend to support those of 
Walker and. Wirtschafter in that elastic 
fibers were affected in all cases of aortic 
rupture. 


cases 


excess of 


It is our conclusion that the basic lesion 
in dissecting aneurysms in turkeys is a 
change in the media reflected by (1) aceu- 
mulation of abnormal ground substance, 
(2) breakdown of the reticulum, and (3) 
dissolution of elastic fibers. Actual rup- 
ture of the vessel probably results when 
these factors weaken the vessel and the 
reparative processes have not yet compen- 
sated for the destruction. These changes 
were found in all parts of the aorta and 
large blood vessels. Because ruptures oc- 
cur mainly in vessels that contain elastic 
fibers in the media, it seems likely that dis- 
solution of elastic fibers is a primary lesion 
in this condition. 
dissecting aneu- 


Cause.—The cause of 


Movat’s pentachrome I 


stain; x 10. 


Fig. 8—Section of the posterior aorta of a turkey, showing (A) 


the intimal plaque and 


scarring of the media. Movat’s pentachrome I stain; x 10. 
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rysms in turkeys under field conditions 
still is unknown. Observations by Me- 
Sherry et al.,!° Carnaghan,* and Gibson 
and De Gruchy ® and our own observations 
indicate that this condition occurs under 
field conditions only when rations which 
produce rapid growth are fed. Our field 
observations suggest a possible relationship 
between high dietary fat and dissecting 
aneurysms. The apparent increase in inci- 
dence following the implantation of stil- 
bestrol is of considerable interest, since it is 
well known that stilbestrol produces lipe- 
mia and may increase the incidence of 
atheromata in chickens.° 

Under our experimental conditions, there 
appeared to be some correlation between 
the ration and the incidence of aortic rup- 
tures. Ruptures did not occur unless the 
ration was high in both protein and fat. 
Substitution of part of the fat with corn 
oil appeared to reduce the incidence of 
ruptures. 

It was suspected that soybean oil meal 
might contain a substance similar to BAPN, 
since the soybean, like the sweet pea, is a 
legume. Therefore, rations containing dif- 
ferent quantities of soybean oil meal were 
fed, i.¢., ration 1, 75.6 per cent; ration 5, 
47.5 per cent; and ration 2, 22.4 per cent. 
Fatal aortic ruptures did not occur in tur- 
keys fed any of these rations. This would 
seem to constitute some evidence that soy- 
bean oil meal, as fed under field conditions, 
is not the source of a toxic agent similar to 
BAPN. Dissecting aneurysms also have been 
observed in turkeys fed corn and cotton- 
seed rations.”! 

Examination of tissues obtained by kill- 
ing turkeys from small groups, after they 
had been used for the experiment for six 
months, revealed alterations typical of a 
reparative stage of the characteristic 
changes in dissecting aneurysms in some 
birds fed each ration. This was observed 
even when losses had occurred only in tur- 
keys fed a high protein and fat ration. 
This is considered evidence that all groups 
were affected to a degree somewhat less 
severe than that required for the oceur- 
rence of aortic rupture. Perhaps a rupture 
does not occur unless rapid growth is in- 
duced by a high protein and fat ration. 

Several theories to explain the occur- 
rence of vascular changes in all groups 
might be advanced: (1) there might be an 
inherent vascular defect in all turkeys; (2) 
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Fig. 9—Section showing the media of the posterior 
aorta of a turkey. Notice the abundance of fibro- 
blasts and the absence of normal structure. H & E 
stain; x 400. 
Fig. 10—Section showing the media of the un- 
affected portion of the same aorta shown in figure 
9. Notice the normal elastic fibers and smooth 
muscle cells. H & E stain. x 400. 
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Fig. 11—Section of the posterior aorta of a turkey. Notice the large fibrous intimal plaque. 
Movat’s pentachrome I stain; x 20. 


a toxic substance might be present in some 
component of the diet; and (3) the fact 
that this disease occurs in the fastest grow- 
ing males during a period when growth is 
most rapid suggests the possibility that it 
is caused by a deficiency of an essential nu- 
trient which occurs when the requirement 
for that nutrient is greatly increased by an 
excessive rate of growth or, perhaps, an 
overabundance of fat to be metabolized. 
The basic vascular changes in cases of dis- 
secting aneurysms in turkeys resemble, in 
many respects, blood vessel changes that 
have been described in choline-deficient 
rats fed a high fat ration.“ We are now 
investigating the role of choline and simi- 
lar agents as possible etiological factors. 
SUMMARY 

1) Aortic ruptures caused by dissecting 

aneurysms were observed in Indiana tur- 


key flocks that had been fed high protein 
and fat rations. 


2) Fatal dissecting aneurysms occurred 
in turkeys fed a high protein, high fat ra- 


tion under controlled conditions. Turkeys 
fed high protein, low fat rations or low 
protein, high fat rations did not develop 
aneurysms. 

3) Intimal thickening and large fibrous 
intimal plaques composed of fibroblasts, 
connective tissue, and lipid consistently 


were found associated with ruptures of the 
blood vessels. 

4) Changes were observed in the aortic 
mediae, which were characterized by (a) 
an increase in ground which 
stained metachromatically with alcian blue, 
(b) fragmentation and disorientation of 
reticulum, (c) dissolution of the elastic 
fibers, and (d) fibroblastic proliferation. 

5) Histological examination of blood 
vessels from the groups that did not de- 
velop fatal dissecting aneurysms at the end 
of the experiment showed intimal changes, 
fibroblastic proliferative changes in the 
media, and dissolution of elastie fibers. 
These changes were identical to those of 
the survivors from the groups where fatal 
dissecting aneurysms had occurred. 

6) Dissecting aneurysms and rupture of 
the aorta, femoral artery, and the atrium 
occurred in turkeys fed beta-aminopro- 
pionitrile (BAPN). 

7) No major histological differences 
could be detected between field cases of dis- 
secting aneurysms, cases that occurred in 
turkeys fed high protein and fat rations 
under controlled conditions, and aneu- 
rysms that occurred in turkeys fed BAPN. 


substance 
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The Growth of Animal Leukocytes and Their Use 
in the Cultivation of Animal Viruses 


H. W. DUNNE, D.V.M., Ph.D.; A. J. LUEDKE, D.V.M.; 
J. F. HOKANSON, D.V.M. 


University Park, Pennsylvania 


THE GROWTH OF LARGE avian mononuclear 
leukocytes in plasma clots was first demon- 
strated by Carrel and Eberling! in 1922. 
They described the growing cells as being 
the monocytes of Naegeli, blood histiocytes 
of Aschoff and Keyono, or 
phages of Metchnikoff. 

Weiss and 
chicken 
tubes and developed into macrophages during the 
They indicated that types of cell 
growth were not constant in all cultures and, while 


some tubes developed macrophages, others showed 


hemomacro- 


195: 


3, 
grew on the 


that 
roller 


Fausset,* in demonstrated 


monocytes surface of 


growth process. 
a more fibroblastic-type growth. 


work,® the multiplication of 


shown to 


In previous hog 
occur in suspended 
peripheral blood. Further at 
tempts to adapt leukocytes from peripheral blood 
as suitable culture cells for that 
these had an affinity for the glass 
walls of the culture tube. Furthermore, it was 
that cells 
division and subsequent multiplication. 


virus 
leukocytes 


cholera was 


from 
viruses revealed 
cells smooth 


observed such were capable of cell 

It is the purpose of this paper to sum- 
marize the results of several months’ study 
of the methods for growth of these cells, 
their identification, their ability to propa- 
gate viruses, and any observed changes 
induced in the cells or in their mediums as 
the result of virus growth. Because of the 
relatively broad these studies, 
most of the early virus work has been done 
with the virus of hog cholera. However, 
preliminary studies with other vi- 
ruses have been made and observations on 
their behavior in cultures recorded. 


scope of 


some 


MATERIALS AND METHODS 


and 
Normal 
blood 

pur- 


Cells from the blood of eattle, 


chickens were used in the investigations. 


swine, 


maintained in isolation and 


taken as 


animals were 


samples were needed for culture 


From the Department of Veterinary 
vania State University, University Park. Authorized for 
publication as paper 2242 in the journal series of the 
Pennsylvania Agricultural Experiment Station 

Presented at the Research Ninety-Fourth An- 
nual Meeting of the American Medical Asso- 
ciation, Aug. 19-22, 1957. 

The authors acknowledge the technical 
T. V. Graham and E. H. Ammerman 


Science, Pennsyl 


Section, 
Veterinary 


assistance of 


jugular veins, 
venae cavae, and chickens 


hundred-milliliter 


Cattle bled from the 
swine from the anterior 


from the One 


poses. were 


hearts. syringes 
16-gauge needles used for 
from cattle 
18-gauge 
defibrinated by 
Fibrin 
gauze. 


and were taking sam 


and swine, 


ples 
with 


and 20-ml. syringes 
chickens. Blood 

agitation in 
filtration 


needles fot was 


screw-capped jars. 


was removed by through sterile 


Separation of cells and serum was accomplished 


The 


cells 


by centrifugation and desired 
ty pe 


turned to the 


aspiration 


and amount of sedimented were re 


added 


streptomyein 


serum, to which was 10,000 
units of 
for each 100 ml. of 
transferred to 


with 


penicillin and 10 mg. of 


serum. Cells and serum were 


containers by sterile syringe o 


pipette, gentle but constant 


distribution of 


agitation to 
cells. 
Culture flasks and tubes included 16- by 
test 1-0z 
60- by 15-mm. Petri dishes, 100-ml 
bottles, 1,000-ml. flasks. 
agitated by a apparatus o1 
agitation. Petri 
dium were stacked, taped into position, and placed 


maintain an even 
150-mm. 
screw-capped tubes, 


jars, 


screw-capped 
water dilution 


and Roux Cultures were 


roller grown with 


dishes containing cells and me 
in an air-tight, inverted 16-0z. screw-capped jar to 


maintain an optimum COs concentration for cell 
growth. 
The 
placed in the several containers varied as follows: 
Petri 
capped jars, 3 ml.; water dilution bottles, 10 ml.; 
Roux flasks, 50 ml. 
Growth of cells in 


quantity of suspended cells and serum 


screw-capped roller tubes, dishes, and serew 


and 


roller tubes was determined 


by gross observation and by low-power exami 


nation with a horizontal microscope. An inverted 


microscope was used to examine Petri dishes. 


Covers slips and cut sections of glass slides 


were placed in the various containers for the 


microscopic study of cellular growth and changes. 
Hematoxylin and eosin and Wright’s stains were 
used to stain slides and 

The 
was 37C. 


tion at 4 
studied 


cover slips. 


incubation temperature, in most instances, 


propaga 
generally 


virus 


Cells 


A preliminary study of 
40 C 


over a 


and was made 


were seven-day period. Limited 


studies made on cells 


three to 


were grown for as long as 


five months. Generally, medium replace 


ments were made every three to seven days under 


a disinfected hood. 


Viruses used in these experiments included one 


strain each of hog cholera virus, Neweastle dis 
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infectious bovine’ ulcerative 
stomatitis virus (Pennsylvania). All viruses were 
field strains. All cultures were examined 
virus inoculation to insure adequate cell growth 
to support virus multiplication. 
generally were made on the second and third day 


after the cultures had been placed in ineubation. 


ease virus,* and 


before 


Virus inoculations 


RESULTS 


Normal Cell Growth—The growth of 
animal leukocytes of both porcine and 
bovine origin was characterized by marked 
enlargement of the entire cell, with cyto- 
plasmic processing and nuclear division. 
Mitotic cell division could be observed 
without using special staining procedures. 
At about four to five days, cells with more 
than one nucleus began to appear. At six 
days, numerous multinucleated giant cells 
began to develop, particularly in cultures 
of bovine cells (fig. 1, 2). These cells ulti- 


mately contained as many as 24 nuclei or 
more. The cytoplasmic outline of the cell 
gradually became less distinct as the num- 
ber of nuclei increased. There was a pos- 
sible relationship of the period between 
medium changes to the development of 
giant cells. Changes of medium every three 


to four days appeared to decrease the num- 
ber of giant cells formed, while longer 
periods between changes seemed to favor 
their development. Decreased Os» tension, 
lowered pH, increased COs, tension, and 
glucose depletion may be factors influenc- 
ing giant cell formation. 

Several types of containers were used in 
growing leukocytes, and each had certain 
advantages or disadvantages. Cells ap- 
peared to grow in either static or agitated 
cultures. The roller tube apparatus pro- 
duced the most successful cellular growth. 
Avian and porcine blood cultures suffered 
less mortality in the first two days of 
growth than did bovine blood cultures. 

Porcine Cultures.—Poreine cultures 
maintained over long periods (3-5 mo.) 
demonstrated the progress of giant cell 
growth to a size where the individual cell 
mass was easily detected by gross exami- 
nation of the tube. At this point in healthy, 
fast-growing cultures, the giant cell lost its 
cellular continuity and a sheet of cells ap- 
peared to be growing from the mass. If 
degeneration began at this time, there was 
rounding of the mass with a general Joss 
of processes and of cell structure. The mass 

* Supplied and titrated by Dr. R. F. Gentry, 
vania State University Veterinary Science 


Pennsyl 
Department 
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Fig. 1—Multinucleated giant cell (3 nuclei) of 

swine origin after eight days of growth. Although 

exposed to the virus of hog cholera, there is little 

readily discernible cytopathic effect. Wright's 
stain; x 720. 


would continue to adhere to the tube wall, 
however, for a long period after other cells 
with only one nucleus per cell had loosened. 

Avian Cultures—Avian blood showed a 
most spectacular cell adherence and early 
cell development on gross examination. 
Frequently, thick white layers of cells ad- 
hered to and grew on the walls of the roller 
tubes. The growth continued until the 
entire tube was coated with a cell layer of 
varying thickness. The medium, if not 
changed, tended to become dark and as- 
sumed a somewhat greenish hue within 
seven to ten days. Microscopically, the 
adhering leukocytes, which appeared to 
be mononuclear leukocytes, began to en- 
large on the second day, with the develop- 
ment of numerous vacuoles in the cyto- 
plasm. These vacuoles either extended into 
the nucleus or distorted the nuclear sur- 
face, giving it an irregular outline. This 
vacuolar enlargement, which at first was 
considered to be only a toxic reaction, ap- 
parently was associated with good growth 
of the culture. Sloughing of the cells from 
the test tube wall rarely occurred if the 
medium was changed within seven days. 
Even when the medium was changed, the 
cells seemed to approach a static state 
within two weeks. The cell mass usually 
was so thick at this time that cellular de- 
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tails were no longer discernible. Through- 
out the early growing period, active phago- 
eytosis of degenerating erythrocytes was 
in constant evidence. 

Bovine Cultures.—At first, bovine leuko- 
cytes were the most difficult in which to 
initiate growth. Culture mortality occurred 
in about 50 per cent of the tubes prepared. 
Mortality was reduced greatly by adding 
1 part of Tyrode’s solution to 3 parts of 
serum. Cellular study in roller tubes was 
facilitated under low power by using a 
horizontal microscope, so that the light did 
not have to pass through the dense medium. 
Cover slips, inserted into the roller tubes, 
could be removed at any desired time for 
more detailed study of cellular growth. 
The small amount of medium required for 
roller tubes made them desirable for lab- 
oratory experimentation. The circulation 
of medium by means of the roller appar- 
atus appeared to provide the best method 
of aeration of the cultures studied in these 
experiments. 


Fig. 2—Multinucleated giant cells (larger has 5 nuclei) of bovine origin at the same growth 
period as the porcine cells in figure 1. Bovine cells develop into giant cells somewhat more 
quickly than porcine mononuclear leukocytes. Wright’s stain; x 400. 
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Petri dishes were useful in the study of 
cells by the cover slip technique, but were 
less useful than roller tubes for the growth 
of cells. In the way in which Petri dishes 
were used, cells were not as easily studied 
and suffered a change of atmosphere each 
time the individual Petri dish was removed 
from its sealed container to be examined 
for cellular growth. The inverted micro- 
scope permitted examination of the cul- 
tures without opening or inverting the 
dishes. Screw-capped jars provided a bet- 
ter gas-medium relationship, and a wide 
mouth for cover slips, but cellular growth 
could not be observed through the bottom 
of the jar. Water dilution bottles and Roux 
flasks did not lend themselves well for ob- 
servations of cellular growth, but did pro- 
vide an optimum gas-medium relationship. 
Cells grew well for subsequent virus inocu- 
lations. The larger size was an advantage 
in virus production where quantity was 
desired. The increased volume also seemed 
to insure 


successful passage 
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The medium used in these experiments 
was not varied, except in numbers of cellu- 
lar constituents. Porcine leukocyte growth 
did not appear to be enhanced by the pres- 
ence of erythrocytes but was hindered if 
there were more than 1 million erythro- 
cytes per milliliter. In most cases, this 
represented about one fifth of the total 
number of erythrocytes normally found in 
blood. Attempts to reduce this number 
resulted in a markedly reduced recovery 
of leukocytes under the system used for 
separation. After growth was effected, a 
change of medium from one containing 
erythrocytes to one containing serum only 
appeared to have no deleterious effects on 
the leukocytes. Serum was easily stored 
frozen and made an ideal change medium. 

Normal porcine leukocytes were main- 
tained in culture for as long as five months, 
with weekly changes of serum or serum 
and erythrocytes. After the first week of 
growth, however, medium changes every 
four to five days appeared to be more de- 
sirable. In older cultures, there seemed to 
be a constant loss of leukocytes into the 
medium. However, there appeared to be 
some replacement by developing cells, even 
though the added medium was cell free. 
Swine cells have been maintained as long 
as 14 days without a medium change be- 
fore extensive cellular damage became ap- 
parent. An ineubation temperature of 
38.5 C. accelerated respiration and reduced 
the period of cell viability for bovine and 
porcine cells, but was not harmful and 
may have been advantageous for avian 
cells. 

Virus Multiplication Sixty-one serial 
passages of hog cholera virus were made 
in leukocytes grown in static cultures in 
water dilution bottles and Roux flasks. Fi- 
brin and approximately 75 per cent of the 
erythrocytes were removed froin the blood 
in preparation of the cell suspension. Our 
first report on the growth of hog cholera 
virus in leukocytes * showed virus growth 
through 23 passages, using water dilution 
bottles. At that time, we were under the 
impression that the virus was being grown 
in a cell suspension. It now appears that 
growth was supported principally by grow- 
ing leukocytes. The serial passages were 
continued in Roux flasks until the total of 
attained (table 1). As 
(table 1), pathogenicity in swine 
was still marked in virus grown in Roux 


61 passages was 


shown 
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TABLE i—Passage of Hog Cholera Virus in 


Leukocytes 


Culture Reaction in pigs 
method Sick Died 
WDB 0/2 


21-day 


challenge* 


Passage 
Course 

2 immune 
2 10 days 
1 14 days 
y 10 days 1 immune 
2 immune 


1 X 10° lethal swine doses 


WDB 


water dilution bottle; RF Roux flask 

flask cultures through the forty-eighth 
passage. Survival with immunity occurred 
in 1 of 3 swine which were inoculated with 
virus grown in the fifty-eighth passage in 
Roux flask cultures. Attempts at cultiva- 
tion of the virus at 4C. end at 41 C. were 
unsuccessful. 

Continuous Culture of Hog Cholera Vi 
rus.—Hog cholera virus apparently pro- 
duced no cytopathogenic effect on the 
macrophages grown in tissue culture. 
Therefore. a test was devised to determine 


Fig. 3—Normal and Newcastle disease-infected 

avian leukocyte cultures. The tube to the left is 

an uninfected control. The cells of the infected 
tube (right) are almost depleted. 
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TABLE 2—The Multiplication of the Virus of Hog Cholera in Porcine Leukocyte Cultures 
Maintained in a Medium Containing Erythrocytes and in a Medium Containing No Erythrocytes 


Range of 

leukocyte 

survival 
No period 


Periods at which 
cultures tested 


Type of culture tubes (days) (days) Reaction in swine 


Erythrocytes 
in medium 
Virus 
Control 
No erythrocytes 
in medium 
Virus 
Control 


how long cells would survive and continue 
to support hog cholera virus growth. The 
test included two types of culture medium, 
one in which erythrocytes were included 
with the serum, and one in which no eryth- 
rocytes were included with the serum 
(table 2). To each of these groups was 
added 0.1 ml. of hog cholera virus. The 
roller tube cultures were maintained over 
two and one half month periods. The me- 
dium was changed twice weekly, with care 
being taken to prevent reseeding the cul- 
ture with fresh leukocytes. No further 
virus was added throughout the test. 

Detection of virus propagated in these 
cultures was made by inoculating suscep- 
tible swine with 1.0 ml. of the culture sus- 
pension, All tests made on cultures with 
or without erythrocytes and infected with 
hog cholera virus were positive for hog 
cholera virus throughout their survival 
period. It was evident that surviving leu- 
koecytes were capable of supporting virus 
growth over the entire period of cell via- 
bility without readily detectable evidence 
of cellular change as the result of the 
infection. 

Neweastle disease virus also was passed 
in serial passages in roller tubes. At the 
tenth passage, the virus had a titer of 
1 x 10° in embryonating eggs. 

Infectious bovine ulcerative stomatitis 
virus (Pennsylvania) is currently being 
carried in serial passage, but tests for the 
presence of the virus have not been con- 
clusive. 

Patiological Effects of Viruses on Propa- 
gating Leukocytes—As indicated previ- 
ously, the virus of hog cholera produced 
no obvious cytopathic changes in the 
growing leukocytes. In fact, it may even 
have had some stabilizing effect upon the 
cell, possibly by inhibiting the normal 
phagocytosis of dying erythrocytes and 


All positive 


Both positive 


other debris which bring about ex- 
haustion of the cell. 

Neweastle virus 
bovine ulcerative stomatitis 
sylvania) showed marked cytopathoge- 
nicity in earlier passages. The effects of 
the Neweastle disease virus were easily de- 
termined by gross examination of the cellu- 
lar growth on the walls of the tube, 48 to 
72 hours after infection. The masses of 
cell growth appeared to loosen from the 
tube, leaving areas free from cells (fig. 3). 
Microscopically, the cells became rounded 
and loosened from the glass. Destruction 
of erythrocytes appeared to be excessive 
in Neweastle disease virus-infected tubes. 
In later passages, the cytopathogenic ef- 
fects were not so obvious. Whether the 
virus was attenuating was not yet appar- 
ent. The fact that the titer for the New- 
castle disease virus culture was 1 X 10° 
in chicken embryos at the tenth passage, 
however, suggested that the virus was be- 
ing altered in its cytopathogenicity for 
cells grown in tissue culture. 

Infectious bovine ulcerative stomatitis 
virus (Pennsylvania) in early passages 
was most easily detected by hemolysis of 
the erythrocytes. This made an ideal test, 
for, as soon as cytopathic action took place, 
the erythrocytes hemolyzed. This cyto- 
pathogenicity markedly after 
the first three Although more 
study is necessary to perfect this technique, 
it offers interesting possibilities. 


may 


and infecticus 
virus (Penn- 


disease 


decreased 


passages. 


DISCUSSION 
Leukocytes grown in vitro appeared to 
be readily adaptable to the growth of ani- 
mal viruses, but a few factors had to be 
considered in their preparation. The pool- 
ing of blood from more than one animal 
oecasionally was accompanied by poor e¢ell 


adherence, possibly as the result of differ- 
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ent blood types. Anything which caused a 
lysing of the erythrocytes, which were 
much stable under conditions 
than the leukocytes, subsequently caused 
degeneration of the latter. Even hemo- 
lyzed blood introduced into a culture with 
the inoculation of suspected virus material 
caused hemolysis of the erythrocytes and 
loss of the culture. 

The growth of viruses in leukocytes sug- 
gests that this cell is perhaps more impor- 
tant in the pathogenesis of virus diseases 


less most 


than may have been suspected. It is con- 
ceivable that the virus propagates in these 
cells in the primary stages of in vivo virus 
infections. A subsequent selective removal 
of such infected cells by the lymph nodes 
may contribute to the enlargement cf such 
nodes and to the accompanying leukopenia 
associated with the virus infection. 

The pathogenicity 
virus passed through 61 


apparent decreased 


of hog cholera 


passages suggests that this system of cul- 


ture might prove to be a means of virus 
modification. The used in this ex- 
periment was a fully virulent field strain. 
The early appearance of decreased patho- 
with apparently unaltered im- 
munizing properties in the twenty-third 
passage may have been due to a lack of 
virus multiplication, rather than to virus 
modification. However, incomplete data 
from recent experimentation suggest that 
the occurrence of similar reactions in 
passages 58 and 61 was due to virus 
modification. In a somewhat comparable 
situation, Newcastle disease virus and in- 
fectious bovine ulcerative virus (Pennsyl- 
vania) lost their cytopathogenic effect in 
cultures, although the avian virus did not 
lose its pathogenicity for chicken embryos. 


virus 


genicity 
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SUMMARY 


1) Leukocytes from cattle, swine, and 
chickens were grown on glass surfaces in 
serum medium. 

2) The growing cell appeared to be the 
mononuclear leukocyte, which developed 
into a macrophage and then into a multi- 
nucleated giant cell, subsequently spread 
ing into a large number of individual ¢ells. 

3) Avian leukocytes developed exten- 
sive vacuolation in the growth process. 

4) Viruses were shown to multiply in 

leukocytes through as many as 61 serial 
passages. 
5) Hog cholera virus multiplied in swine 
leukocytes over a period of more than ten 
weeks with 20 changes of medium before 
the cells deteriorated. 

6) Cytopathogenicity with 
some viruses was shown by the loosening 
of cells from the glass tube walls, by hemol 
ysis of erythrocytes in the medium, or by 
degeneration of leukocytes. These reactions 
to viruses were lost in serial 
though the viruses were shown by other 


associated 


passage even 


tests to be present. 

7) The system of leukocyte propagation 
provides many possibilities for the study 
of viruses, leukocytes, and the pathogenesis 


of virus diseases. 
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Histological Lesions in Ducks with Virus Hepatitis 


L. E. HANSON, D.V.M., Ph.D. 


Urbana, Illinois 


DUCK HEPATITIS (DH) is a relatively new 
disease which was first observed in ducks 
on Long Island in March, 1949, by Levine 
and Fabricant.® It also was observed in 
Illinois in 1953 (Hanson and Alberts 
and in Norfolk, England (Asplin and Me- 
Lauchlan'). Recently, it has been diag- 
nosed in Canada (Maepherson and 
Avery *). 


REVIEW OF LITERATURE 
Levine and Frabricant® determined the eausa 
tive agent to be a virus which could pass through 
Seitz and Berkefeld W filters and which could be 
eultivated easily in chicken eggs. 
The virus was neutralized by the serum of ducks 


embryonating 
which had recovered from the disease. 

after an 
Affected 


charae 


Signs.—Signs of DH develop rapidly 
incubation period of one to two days. 
ducks first 


terized by 


show evidence of depression, 


movements and closed eyelids. 
Listlessness is followed by ineoordination, con 
and death, within a few Dead 
ducks frequently are found with their heads drawn 
over their backs. The majority of the 
oceur within three to four days, with losses re- 
ported from less than 5 per cent’ to as high as 
90 per cent. In natural outbreaks, signs of the 
disease have been observed as early as three days 
after hatching, up to four weeks. No signs of 
the disease have been reported in adult ducks by 
investigators. No evidence of DH has 


slow 


vulsions, hours. 


deaths 


any been 


observed in other birds or mammals on contami- 
nated farms. 

The 
gross lesions which occur are a reddish discolora- 
tion and the presence of punctate and eechymotie 
hemorrhages in the liver.* In addition, Levine and 
Fabricant ° observed that some of the kidneys were 
Asplin MeLauchlan * 
larged, pale spleens and yellowish coloration of 


Pathological Findings. most conspicuous 


swollen. and observed en- 


the heart muscles in some affected ducks. 

Early histological studies of affected ducks in- 
dieated that necrosis of the hepatic cells and pro- 
liferation of bile duets were the primary changes.’ 
Leukocytic infiltrations were minimum in this 
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thesis 


more extensive study, Fabricant et 
found no significant lesions 
The liver changes 
consisted of infiltrations of the with 
heterophilic leukocytes early in the disease (16 to 
24 hours), necrosis of the hepatic cells and hemor 


study. In a 
al.* reported that they 
in any tissues except the liver. 
sinusoids 


rhage into the sinusoids (24 to 36 hours), and 
proliferation of the bile ducts, first evident at 36 
hours and still extensive at eight days. No lesions 
observed in the livers of surviving ducks 
examined at market Lucké and 
reported that the histological lesions of DH were 


were 
time. 


similar to those of infectious hepatitis of man. 


MATERIALS AND METHODS 


The 
throughout 
1955, 


Illinois, 


strain of DH virus 


these studies 


Source of Virus. 
(R85952 ) 
tained in 
farm in 


used was ob 
ducks on a 
typical 
clinical signs and gross and histological lesions of 
pH. Infection with the resulted in 
and stunting of the embryo, as well as a 
tinged fluid of 
embryonating chicken eggs. obtained 
from ducks surviving the disease neutralized the 
virus. 

The virus used to inoculate the ducks was eul- 
tivated in 9- to 11-day embryonating chicken eggs 
inoculated by the allantoic route with 0.1 ml. of 
DH virus. Allantoamniotie fluid harvested 
from the remaining living embryos just after the 
first few embryos had died. The fluid was refrig- 
erated at 4C., if challenge was to be done within 
24 hours of harvesting, or it was frozen (—15C.) 
if a longer interval was required. Undiluted allan- 
toamniotie fluid was used in all eases. One milli- 
liter of each inoculum was placed in thioglyeolate 
broth to determine whether bacteria were present. 

Histological Methods.—The 
experiment 1 for microscopic examination included 
liver, lung, kidney, small intestine, and brain. In 
experiment 2, only livers examined. One 
was taken from organ except the 
from which taken from the 
cerebrum, cerebellum, and midbrain. 

Zenker’s solution was used to fix the tissues for 
histological sectioning. 


June, from young 


central which showed 
edema 
green 
virus-inoculated 


virus 


allantoamniotie 
Antiserum 


was 


organs selected in 


were 
section each 


brain, sections were 


Tissues were placed in the 
fixative shortly after the birds were killed. The 
with hematoxylin and eosin. 


tissues were stained 


OUTLINE OF EXPERIMENTS 


Experiment 1; Young 
Ducks.—Two hundred susceptible ducks, obtained 
at 1 day of age, were maintained in electrically 
heated brooders for one week. These ducks were 
allotted to three groups and handled by individual 


Exposure of Susceptible 


[ 712 ] 
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caretakers in separate houses. Group A included 
100 ducks which were given the virus, group B 
included 50 ducks given the virus and, 24 hours 
later, an injection of DH-immune serum, while 
group C was composed of 50 normal, unexposed 
ducks. The immune serum was, obtained from 9 
week-old ducks which had survived an attack of 
DH. This serum was treated with 0.5 per 
phenol at the time of its collection, to inhibit 
bacterial growth. 

A second embryo passage of DH virus, in the 
form of undiluted allantoamniotie fluid 
from living embryonating chicken eggs, was given 
to the ducks of groups A and B when they were 
1 week old. Each bird was given approximately 
0.2 ml. (0.05 ml. intranasally and 0.15 ml. orally). 
Twenty-four hours later, each duck in group B 
given 0.5 ml. of DH intra 
muscularly. 

All ducks were observed twice daily and signs 
of the disease and deaths were recorded daily. 


eent 


obtained 


was immune serum, 


and examined from 5 
ducks from each of groups A and B on the first, 
third, fourteenth, and twenty 
first days after exposure. In addition, tissues from 
5 ducks from group A 
ined on the fourth day. 
group C were collected on days corresponding to 
the first, seventh, fourteenth, and twenty-first days 
for groups A and B. A portion of the liver of 
each bird was streaked on blood and MaeConkey’s 
potentially 
brain 


Tissues were collected 


second, seventh, 
were collected and exam 
Tissues from 5 ducks of 


agar to verify the absence of known 
pathogens. The 
examined for gross lesions, and portions of liver, 
lung, kidney, small intestine, and 
moved and fixed for microscopic examination. 
Experiment of Susceptible Ducks 
to Determine the Effect of Egg-Adapted DH 
Thirty White Pekin day-old ducks 
obtained from a breeding farm with no history of 
duck hepatitis. Twenty birds were placed in an 
electrically heated building and 
the remaining 10 were placed in an electrically 
heated brooder in another building. Water and 
feed were provided ad libitum. Different attend- 
ants cared for the two groups. The group of 20 
ducks was exposed orally to DH at 1 week of age. 
When 2 eontrol ducks 
were exposed by the intramuseular route and 
placed with the infeeted group of birds. Daily 
observations were made for clinical signs of the 


aerobic viscera and were 


brain were re 


Exposure 


Virus. were 


brooder in one 


weeks old, 5 unexposed 


disease. 

An eleventh egg passage of the virus which had 
been frozen and thawed was used to expose both 
groups of Infeective allantoamniotie fluid 
used as the inoculum. The virus (0.2 ml.) 
was given intranasally to the group of 20 ducks 
at 1 week of age. The same amount of virus was 
given intramuscularly to the 5 ducks (two weeks 
old). 

Five of the orally exposed and 5 unexposed con- 
trol ducks were killed at 9 days of age. The vis 
and the liver and 
after 


birds. 
was 


were examined grossly 


One 


cera 


spleen histologically. week exposure, 
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the remaining 15 exposed ducks were killed and 


examined for gross lesions. Liver and spleen 


tissues for microscopic studies were selected 


from 5. 
Fourteen days after exposure, the 5 
intramuscular were 


ducks in 
killed 


Liver 


oculated by the route 
and the organs were examined for lesions. 


tissues were examined microscopically. 


RESULTS 


of Sus- 


Experiment 1; Oral Exposure 
ceptible Ducks.—The first clinical signs of 
DH were observed in group A at 36 hours 
after exposure. Several ducks became de- 
pressed and 1 died. Forty-eight hours after 
exposure, many ducks were depressed and 
unsteady, and 12 more died. Two addi- 
tional deaths occurred, one on the third 
and one on the seventh day after inocula- 
tion. Many of the remaining ducks ap- 
peared depressed from the second to the 
seventh day. One week after exposure, 
irregularity in growth was the only evi- 
dence of the disease. 

A mortality of 15 per cent occurred. 
Additional deaths would have been antici 
pated, since some of the 20 ducks showing 
advanced clinical were killed for 
necropsy during the active stages of the 
disease. 

No clinical signs of the disease were 
evident, and deaths did not occur in the 
ducks in group B, although antiserum was 
not given to these ducks until 24 hours 
after inoculation with virus; six hours 
later, deaths occurred in group A. Clinical 
evidence of DH was not observed in the 
ducks of group C at any time. 

Gross Lesions.—The following gross find- 
ings were observed in the group A ducks 
given the vir:s alone. No gross lesions were 
found in the ducks examined one day after 
exposure. Petechiae were present in the 
livers of 4 of 5 ducks examined two days 
after inoculation. Congestion of the liver 
was found in 2, and hemorrhages in 2 of 5 
ducks, three days after inoculation. On 
the fourth day, the liver of 1 duck con- 
tained ecchymoses, the liver of another 
showed a green discoloration, and the other 
3 ducks did not show lesions. One week 
after the virus inoculation, 2 of 5 ducks 
examined had pale livers. Some yellow 
exudate was presert in the thoracic air 
sacs in 3 of these. The weight gains of 
these ducks were markedly depressed, as 
compared with those of the unexposed 
ducks. No gross lesions were found in 


signs 


| 
| 
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ducks examined two and three weeks after 
exposure to the virus. 

The group B ducks, given virus followed 
by antiserum, showed fewer lesions. No 
significant gross lesions were observed in 
the ducks examined on the first, second, 
and third days after inoculation. Two of 
the 5 ducks examined one week after ex- 
posure to DH virus had pale livers and 1 
had yellow exudate on the air sacs. Lesions 
were absent in the dueks examined two 
and three weeks after inoculation. 

The ducks of group C which were unin- 
oculated did not show gross lesions that 
could be attributed to pH. No significant 
lesions were observed in the livers of any 
of the normal control ducks. One duck 
examined at 2 weeks of age had some yel- 
low exudate on the air sacs. The yellow, 
caseous exudate was not considered a le- 
sion of DH, as it was present in both in- 
fected and noninfected ducks. No bacteria 
were isolated from these exudates. 


Microscopic Lesions.—Microseopic ex- 


amination of liver tissue from ducks ex- 
posed to DH virus in experiment 1 showed 
vacuolation due to glycogen and fat in 
some of the hepatic cells, 24 hours after 


inoculation. Perivascular infiltration of 
granulocytes and lymphocytes was_ first 
observed two days after inoculation and 
increased in extent during the next two 
days (fig. 1). One week after exposure to 
virus, the most abundant cells in the peri- 
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vascular tissue were lymphocytes which 
were accompanied by plasma cells. Plasma 
cells were more prominent at two weeks. 
Most of the inflammatory cells had dis- 
appeared three weeks after exposure to the 
virus. The pattern of inflammatory cell 
infiltrations of ducks given virus and anti- 
serum appeared similar to those given only 
virus. 

Necrosis of hepatic cells was first evident 
two days after inoculation in a limited 
number of circumscribed areas, and was 
widespread by the third day (fig. 2, 3). 
Although necrosis often originated in the 
central portion of the lobule, it also in- 
volved all portions of the lobules. Four 
days after exposure, extensive necrosis 
involved all the hepatie cells in a section 
from 1 duck and focal areas of necrosis 
were present im various parts of the lobules 
in the other 4 ducks. The necrosis of he- 
patie cells was accompanied by hemorrhage 
that increased with the intensity of cellu- 
lar destruction. At this time, the experi- 
mentally induced disease resembled most 
closely the lesions observed in field eases. 
The ducks killed one week after inoculation 
had only scattered areas of necrosis in the 
liver although, in some areas, only the 
reticulum of some cells remained, due to 
cytoplasmic Hepatic cells ap- 
peared normal in the livers of ducks killed 
two and three weeks after inoculation. 

In ducks from group B, given antiserum 


necrosis. 


Fig. 1—Duck liver two 
days after inoculation, 
showing granulocytic and 
lymphocytic infiltration 
of perivascular tissue 
and bile duct prolifera- 
tion, and mitotic figures 
in epithelial cells of bile 
duct (A). H & E stain; 
x 300. 


—Univ. Illinois, Ace. S25081 
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24 hours after exposure to DH virus, small 
areas of necrosis were present in the livers 
of birds killed on the second day ; however, 
areas of necrosis were not any more exten- 
sive in the ducks killed and examined on 
the following day. These observations sug- 
gest that the antiserum provided consider- 
able protection, even though it was given 
after some liver damage had occurred. 
Foeal areas of necrosis were still evident in 
the ducks killed one week, but not two 
weeks, after exposure. Similar changes of 
the hepatic cells were found in ducks given 
embryo-modified virus. 

In tissues from ducks in group A, pro- 
liferation of bile duct epithelium was first 
observed three days after exposure to the 
virus, and was most extensive on the fourth 
day of observation (fig. 4). The prolifer- 
ative changes involved both a hyperplasia 


—Univ. Illinois, Acc. 825094 
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of the bilary epithelium and a marked in- 
crease in the small septal bile ducts. The 
large interlobular bile ducts were un- 
affected. Although considerable hyper- 
plasia of bile duct epithelium was evident 
to and during the second week after ex- 
posure to the virus, the proliferation had 
significantly regressed at three weeks. 
Birds in the group given antiserum showed 
proliferation of bile ducts at correspond- 
ing observational periods, but to a lesser 
degree. 

Lesions of the brain were first observed 
in 2 of the virus-infected ducks in group A 
at 3 days after inoculation, and consisted 
of mild perivascular infiltration of lympho- 
cytes in the cerebellum. Perivascular in- 
filtration of lymphocytes was evident in 
the cerebrums of 3 ducks killed on the 
fourth day and in 2 killed seven days after 


—Univ. Illinois, Acc. 825094 


Fig. 2—Duck liver three days after inoculation, showing necrosis of hepatic cells and hemor- 
rhage. H & E stain; x 150. 
Fig. 3—Enlargement of area marked in figure 2, showing extensive necrosis of hepatic cells. 
H & E stain; x 400. 
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Fig. 5—Liver of a normal 21-day-old duck. Notice 
the normal vessel walls. H & E stain; x 30. 
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Fig. 4—Marked bile duct 
proliferation in liver of 
duck, four days after ex- 
posure to duck hepatitis 
virus. H & E stain; x 18. 


Univ. Illinois, Ace. 525¢ 


inoculation (fig. 6). Neuronal degenera- 
tion in the cerebrum was found in 3 ducks, 
four days after inoculation. Perivascular 
infiltration was observed in the cerebellums 
of 2 ducks and the pons of 1 duck on the 
fourteenth day. The lesions of the brain 
were similar in ducks given virus followed 
by antiserum. Three days after exposure, 
lymphocytic infiltration was observed in 
the cerebrum of 1 duck. Glial prolifera- 
tion and perivascular lymphocytic infil- 
tration was present in the cerebellums of 
2 ducks one week after exposure (fig. 7). 
None of the uninoculated ducks had similar 
lesions in the cerebrum, cerebellum, and 
the pons. It appeared from these studies 
that all areas of the brain could be affected 
and that the lesions consisted primarily of 
lymphocytic infiltration of the perivas- 
cular tissue, which might be accompanied 
by scattered neuronal degeneration and 
glial cell proliferation. 

Although lymphoid infiltrations were 
found in some of the lung tissue of inocu- 
lated ducks, they also were evident in 
the tissues of normal control ducks, which 
would indicate that these changes were 
not specifically associated with pH. No 
significant lesions were found in the kid- 
neys or small intestines of experimentally 
exposed or naturally infected ducks. 

Experiment 2; Exposure of Susceptible 
Ducks to Chicken Embryo-Modified Virus. 
—Clinical signs of DH were not observed in 
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either the intranasally or the intramuseu- 
larly inoculated groups. The birds ap- 
peared normal throughout the experiment. 
Examination.—Five ducks each 
from the normal and intranasally exposed 
groups did not show any significant gross 
lesions when examined at 9 days of age. 
Fifteen additional ducks from the intra- 
nasally exposed group were killed and ex- 
amined when 14 days of age (1 week after 
inoculation). Small hemorrhages were 
present in the livers of 4 ducks, and the 
livers of 4 additional ducks appeared pale. 
One normal and one pale liver and three 
with hemorrhages were selected for micro- 
scopic examination. 

Five ducks from the intramuscularly 
exposed group were killed and examined 
two weeks after inoculation. No gross le- 
were observed. Liver was 


Gross 


sions tissue 
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Fig. 6—Lymphocytic infiitration around vessels in 
cerebrum of duck, one week after exposure to duck 
hepatitis virus. H & E stain; x 150. 
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Fig. 7—Area from the pons, showing degeneration 
of two neurons (arrows) and proliferation of glial 
cells. H & E stain; x 350. 


taken from 3 of these ducks for micro- 
scopic study. 

Microscopic Examination.—Infiltration 
of lymphocytes and plasma cells was pres- 
ent in the perivascular tissue to a limited 
degree in each of five livers from the intra- 
nasally exposed ducks killed one week after 
inoculation. Proliferation of bile ducts, 
which varied from moderate to extensive, 
was evident in all five livers. Two livers 
showed considerable evidence of earlier 
liver damage, as many hepatic cells were 
completely missing. 

Examination of the liver tissue revealed 
proliferation of bile ducts which was mild 
in two and extensive in one. Lymphocytic 
and plasma cell infiltrations were present 
in the perivascular tissue. 


DISCUSSION 


The microscopic lesions observed in the 
ducks of this study resemble closely those 
produced in man by infectious hepatitis 


virus (Lucké*). Widespread necrosis of 
hepatic cells, proliferation of bile ducts, 
and perivascular infiltration with, first, 
granulocytes and, later, lymphocytes and 
plasma cells are typical findings in both 
conditions. Viral inclusion bodies have not 
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been recognized in either disease. Complete 
recovery of the liver is common to both 
diseases. In pH, only slight evidence of 
pathological changes remained in livers 
of a few experimentally infected ducks 
three weeks after the onset of the disease. 
Lucké* found the liver tissue to be essen- 
tially normal in 14 human patients exam- 
ined one to 14 months after acute, in- 
fectious hepatitis. Similar findings were 
reported by Mallory.’® Inflammatory 
changes, consisting of lymphocytic peri- 
vascular infiltration and glial prolifera- 
tion, were found in half of the ducks ex- 
amined from three days to two weeks after 
inoculation. Similar lesions are described 
in infectious hepatitis in man. However, 
in both diseases, the most severe disturb- 
ances in the central nervous system have 
been observed in fatal cases in which the 
subject died before the appearance of sig- 
nificant changes in the brain tissue. The 
cause of these early central nervous system 
disturbances probably is related to inter- 
ference of the metabolism in damaged liver 
tissue or to toxic products originating 
from severe damage (Mayer-Gross and 
Walker,'! and Davidson 


SUMMARY 


Susceptible ducks were exposed orally 
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and parenterally to a virulent and a 
chicken embryo-modified DH virus. The 
host reaction to the virus was studied in 
relation to microscopic tissue changes. 

Significant lesions were observed in the 
liver and brain. These lesions were similar 
to those reported from cases of infectious 
hepatitis of man. 
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The Hemograms of Healthy Chickens 


C. D. DIESEM, D.V.M., Ph.D.; W. G. VENZKE, D.V.M., Ph.D.; 
E. N. MOORE, D.V.M. 


Columbus, Ohio 


BEFORE STUDYING some of the dyscrasias of 
avian blood, it was thought necessary to 
evaluate the methods used in avian hema- 
tology and to modify some of the tech- 
niques used previously. 


REVIEW OF LITERATURE 


According to Doan,® avian hematology dates 
from the work of Van der Stricht, 
strated the erythrocyte to be the primary blood 
cell of the embryo, and Danchakoff, who gave a 
complete survey of the origin of blood in embryos. 
studied the development of the erythro- 
cytes in the bone marrow of the pigeon. His paper, 
along with those of and Sabin,” 
forms the basis for knowledge of 


who demon- 


Doan“ 


Cunningham * 
much of the 
avian hematology. 

Keyes," Blain,’ Forkner,’ 
and Shaw made studies of methods of counting 
leukocytes advocated the 
use of various dyes in the diluting fluid, so that 
the nucleated erythrocytes of birds could be dis 


Coates,? Wiseman,” 


and erythrocytes, and 


tinguished from the leukocytes and thrombocytes. 
Natt and Herrick “ introduced the use of methyl 
violet 2B in diluting fluid that is used with avian 
blood. 

The hematocrit has been used in the study of 
The Wintrobe method™ re 
quires the most blood, but it is accurate and also 
allows the determination of the sedimentation rate. 
Dennington and Lueas® advocated the use of the 
Van Allen microhematocrit technique ™ when the 


avian hemograms. 


blood cell volume had to be determined on young 
chickens 01 
to be 


when repeated samples of blood had 


Johnston 


taken for experimental studies. 
reported the use of the Guest-Siler microhemato 
erit tube in the study of blood volume in chicken 
embryos. 

Statistical evaluation of avian blood cell counts 
Machado,” Olson,” 
Fredrickson.” These workers all 
variation that 
values for individual chickens. 


has been made by Dennington 


and Lueas,”’ and 


observed the great occurs between 


hemogram 
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degree 


study 


Natt” all 
difficulty in recognizing eosinophils in avian pe- 
ripheral blood when a Romanowsky-type stain was 
used to stain smears. 


Cross,’ Olson,” and reported some 


Some authors, when ¢lassi 
fying avian leukocytes, use the term ‘‘acidophil’’ 
and place both heterophils (neutrophils) and 
eosinophils in this category, since these cells con 
tain either acidophilic rods or granules in their 
supravital tech 
niques, as weil as Wright’s stain, to study avian 
peripheral blood; yet he did distinguish between 
eosinophils and heterophils. Dennington and Lucas* 
reported acidophilic leukocytes when using 
Wright’s stain. 


eytoplasm. Twisselman™ used 


MATERIALS AND METHODS 


Chickens, 5 to 10 weeks old, were used in the 
study. They were fed a broiler ration 
and housed in raised wire 
which were located in a building where the tem 
kept at 70F. and a mechanical 
method was used to maintain adequate ventilation. 
The test animals did not 
disease at any time. 

The techniques used for the study of the avian 
hemogram are 


balanced 
batteries, on floors, 


perature was 


show clinical signs of 


alterations of methods reported 
previously. 

Counts.—Erythrocyte counts were 
an erythrocyte pipette (Trenner 
diluting fluid. The fluid 
of Ringer’s solution, 5 ce. of neutral for 


malin, and phloxine B stain in a concentration of 


Erythrocyte 
performed with 
and stained contained 


95 ee. 


100 mg./100 ee. of the mixture of Ringer’s solu 
tion and formalin. This diluting fluid contained 
more phloxine B than the fluid developed by Wise 
man. The counting and calculation of erythrocytes 
were performed in the same way as a total erythro 
eyte count on mammalian blood. The use of the 
Natt and Herrick diluting fluid” or Wiseman 
diluting fluid” gave comparable results for total 
erythrocyte counts. 

Leukocyte Count.—The total leukocyte count 
was made by the direct method. The dilution used 
for leukocytes 1:200, or the dilution 
that was used for making total erythrocyte counts. 
Thus, it was possible to make both a total erythro 
cyte and a total leukocyte count 
refilling the counting chamber of the 
tometer. Eighty of the small central areas (0.5 
by 0.5 counted for the 
count and the total count was calculated. 
the leukocytes each of the 
l-sq. mm. areas on each corner of the Neubauer 


was same 


count without 


hema -y 


erythrocyte 
Next, 
four, 


mm.) were 


within 


located 


ruled counting chamber were counted. The formula 
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used to ealeulate the total leukocytes per cubic 


millimeter of blood was: 


leukocytes X dilution X 10 
No. of 1-mm. squares counted 


30 X 200 X 10 
(For example: x 15,000.) 
4 


In other number of cells counted in 
four corner areas (each 1 sq. mm. in area) multi 


plied by 500 equals the number of leukocytes per 


words, the 


eubie millimeter. 
Thrombocyte Counts.—Thromboeyte counts were 


made by a method described by Dennington and 


Lueas.” Counts can be made easily when a special 


Fig. 1—Two capillary tubes used for the micro- 
hematocrit determination of blood cell volume. 
A Wintrobe tube appears on the left, and the 
tube on the right is a Van Alien microhematocrit 
tube. The portion of a soda straw to identify the 
capillary tube is shown in the center of the picture. 
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ruled reticule* for the microscope is available. 
The formula used to caleulate the total number of 


thrombocytes per cubic millimeter of blood is: 


thrombocytes counted X erythrocytes/mm. 


5,000 


Hematocrit values were ob 


Hematocrit Values. 
tained by the Guest-Siler microhematocrit method’ 


instances. Blood samples were collected 


1.25-mm. eapillary 


in most 


in 75.0- by tubes. These tubes 


previously had been filled with a heparin solution 
and then air dried, so that a deposit of heparin 
lumina of the tubes to prevent 
blood. Blood was drawn into the 


tubes by capillary action when one end of a tube 


was left in the 
coagulation of 
was placed in contact with blood escaping from a 
superficial vein that had been pricked with a 22 
gauge needle. A tube filled to 
approximately 75 per cent of its eapacity; the 
unfilled portion of the tube was then heated until 


hypodermic was 


the glass melted and sealed that end of the tube. 
flame of the 
portion of 


Caution was used to prevent the 


Bunsen burner from contacting the 
the tube filled with blood. 
then into the 


straw or a small 


The capillary tube was 
lumen of a labeled 
glass vial so that it 
Several of the labeled hemato 


inserted soda 
eould be 
identified (fig. 1 
crit tubes could be inserted in the eups of a centri 
at 2,700 r.p.m. for 30 minutes. 


fuge and spun 


A special centrifuge can be purchased for micro 
The speed of this centrifuge is 
therefore, it 
four 


hematocrit tubes. 
usually 11,000 revolutions per second; 
is necessary to operate the machine for only 

(fig. 
chart. A 
hand magnifying lens enables one to read the eell 


minutes. The heparinized tube is shown 2) 


placed against the hematocrit reading 


volume percentage with greater ease. 


EVALUATION OF DATA AND RESULTS 


A routine of collecting blood once a week 
for five weeks from 20 chickens was estab- 
lished. Total leukocyte and erythrocyte 
counts were made and the data were ana- 
lyzed at the Ohio State University Statis- 
tics Laboratory. If 20 or 30 or 100 chickens 
are used in an experiment, the 95 per cent 
confidence interval for the sample mean 
has approximately the same limits of vari- 
ation (graphs 1, 2). However, if less than 
10 chickens are used in an experiment, the 
limits of variation of the sample mean are 
greatly increased. Thus, a sample of 20 or 
30 chickens of the same age and of both 
sexes should give accurate data. The total 
erythrocyte counts and hematocrit values 
of chickens are closely correlated. When 
the total erythrocyte count decreases, the 
hematocrit value decreases and vice versa. 


* These Sausch 


and Lomb Optical Co 


reticules may be obtained from the 
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THE HEMOGRAMS OF 
These observations are the same as those 
made when studying mammalian values 
and erythrocyte counts. 

The leukocyte count in the chicken varied 
greatly between individuals. In order to 
determine the coefficient of variation of 
individual total leukocyte counts, values 
from 50 hemograms were taken at random 
from the authors’ data. The coefficient of 
variation was found to be 28.72 per cent 
(table 1). 


TABLE 1—Fifty Leukocyte Counts, of Chickens, 

Picked at Random from the Authors’ Data and 

Used to Determine Correlation Coefficient for the 
Direct Leukocyte Counting Method 


Leukocyte counts of chickens 


000 
3,000 
000 


20,000 10,500 

500 12.000 
2,500 15,000 
9.500 16,500 
25,000 18,000 

500 16,000 
7,500 19.500 


10,500 18,500 
26.500 


12,500 


7,500 
7,000 
26,000 000 
14,000 
14,500 
29,500 
26,000 


24,000 


500 000 


000 


5,000 
000 


3.500 5,000 12,000 


9,000 15,000 500 


2,000 16,000 


3,000 
2,000 11 


500 000 


Coefficient of variation cent 


In order to determine where the error is 
apt to occur, our counting technique was 
experimentally evaluated. Four certified 
pipettes (Trenner) were filled with blood 
and four total leukocyte and erythrocyte 
counts were made from each pipette on 
four consecutive days. The same hemacy- 
tometer was used in all instances, and the 
same person made all the counts. The data 
obtained were statistically analyzed. It 
may be observed (table 2) that the date of 
drawing the blood, as well as the use of 
different leukocyte pipettes, accounts for 
significant variation in making total leuko- 
cyte counts. However, in the case of eryth- 
rocytes, the date was the only factor that 
caused variation in total counts (table 3). 

Thrombocyte counts varied among indi- 
vidual chickens. The range among counts 
on 54 healthy 10-week-old birds was 63,664 
to 5,184; the mean was 36,875. 


OBSERVATION OF ACIDO- 
PHILIC GRANULOCYTES 

The eosinophil was the only cell in avian 
peripheral blood that the authors had diffi- 
culty in recognizing. This cell, as described 
by Olseua,'® is about the size of the hetero- 
phil or neutrophil. With Wright’s stain, 
the granules are dull red and relatively 
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large; they are dispersed in a blue-tinged 
cytoplasm. 

Special eosinophil stains were used to 
study eosinophilic cells in the avian periph- 
eral blood. These stains contained either 
a combination of eosin Y and phloxine or 
of methyl blue and phloxine. Satisfactory 
differentiation between eosinophils and 


: 


= 
= 


Fig. 2—A capillary tube has been filled with blood, 

centrifuged, and placed against the reading scale 

under a hand lens so that values of blood cell 
volume can be observed. 
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TABLE 2—Leukocyte Counts of Chickens, Analysis 


Source of Sum of 


Item variation squares 


Main effects Pipette 


Date 


12,880.95 
50,981.26 
Interaction 


Pipette and date 18,063.16 


Error 59,827.69 


Total 141,753.06 


* Significant at 5 per cent level 
heterophils was not obtained with either 
combination. 

DIscUSSION 

Krom these results, it is evident that 
random arrangement of cells, as seen in the 
counting chamber by the technician, is not 
the only factor causing variation in the 
count. 

Graphie analyses of the 95 per cent con- 
fidence intervals, when samples of 1, 10, 
20, or 100 chickens are used for experimen- 
tation, are shown (graphs 1, 2). The ac- 
curacy of data obtained from blood sam- 
ples of 100 birds may not greatly exceed 
the accuracy of data derived from samples 
from a group of 20 or 30 experimental 
chickens 

The total leukocyte counting 
that are available for the study 
blood gave results with greater 
than those for hematocrit values, 


methods 
of avian 
variation 
differen- 


4 


+ significant at 1 per cent 
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of Variance 


Mean 


square 


Degrees of 
freedom 

4293.65 

16,993.75 

2,007.02 

1,246.41 


2,250.05 


level; variance ratio 
tial counts, or total erythrocyte counts. 
This variation is not only due to the ran- 
dom arrangement of the cells in the count- 
ing chamber, but may be due to the date 
on which the sample is taken or to the 
pipette used. All blood samples for this 
study were drawn at the same hour in the 
morning to eliminate any possibility of 
diurnal variation. The error made by the 
technician is another factor that accounts 
for variation in counts. Technicians ac- 
quire the ability to differentiate cell types 
more readily as they gain experience in 
counting. The presence of nucleated eryth- 
rocytes in various stages of maturation and 
the presence of thrombocytes make recog- 
nition of cells difficult for who 
make only an occasional total avian leuko- 
eyte count. 

The coefficient of variation for leuko- 
cyte counts made by the authors’ technique 
was 28.72 per cent. Dennington and Lu- 


persons 


Chicken Erythrocyte Count 
95 % Confidence Interval 
5 Weeks Old 


ount 


ythrocyte 


Er 
: 


T 


30 40 


50 60 100 


Sample Size 


Graph 1—Decrease in variation of the sample mean for total erythocyte counts as the sample 
size increases. Notice that the yariation for 20 chickens is not much greater than it is for 
30 or 100 chickens. 
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TABLE 3—Erythrocyte Counts of Chickens, Analysis of Variance* 


Degrees of 
freedom 


Sum of 
squares 


Source of 
variation 


Main effects 


Item Mean square pee 


1.023 
5.4507 
1.437 


52,408.3 
279,145.8 
73,618.1 
51,215.6 
65,326.6 


157,225.0 3 
837,437.5 
662 ,562.5 
2,458,350.0 48 
4,115,575.0 63 


Interaction Pipette and date 
Error 


Total 


* Significant at 5 per cent level; ¢ significant at 1 per cent level; ** F = variance ratio. 


cas*® reported the coefficient of variation 
for samples of leukocytes counted by di- 
rect, semidirect, and indirect methods to 
be 17.5, 39.2, and 50.9, respectively. The 
authors’ method of counting leukocytes 
compared favorably with methods of other 
workers when a statistical comparison was 
made. The advantages of doing a direct 
total count with the technique used in this 
study are that it is rapid and results are 
not altered by a blood dyscrasia, as an in- 
direct count would be if an eosinopenia or 
a heteropenia occurred. Olson’ has men- 
tioned that a decrease or an increase in 
certain cell types in peripheral blood will 
materially affect the accuracy of a total 
leukocyte count by the indirect method. 
The fac that the microhematocrit method 
constantly gave a higher percentage of 
total cell volume than the Wintrobe method 
may have been due to the small size of the 
lumen of the capillary tube, preventing 
tight packing of the large avian erythro- 
cytes. Fredrickson and Chute*® did not 
experience this difficulty with their micro- 
hematocrit method. Wintrobe values were 
constantly lower for total cell volume than 
were those for the microhematocrit tube; 
therefore, a regression equation was used 
to convert microvalues to Wintrobe values. 


Graph 


variation for the sample 


2—Decrease_ in 


mean for total leukocyte 
counts as the sample size 
increases. Again, the 20 
to 30 
should give almost as re- 
liable data as 100. 


chicken samples 


Leukocyte 


The degree of correlation between micro- 
hematocrit values for samples centrifuged 
in an International centrifuge at 2,700 
r.p.m. for 30 minutes and values for tubes 
centrifuged in a nicrocentrifuge at 11,000 
r.p.m. for four minutes was r = 0.96. This 
would indicate that an ordinary laboratory 
centrifuge might be used if a microcentri- 
fuge was not available. 

Our failure to identify eosinophils does 
not indicate that they do not appear in 
avian peripheral blood. Olson '® mentioned 
that European workers questioned 
their existence and Crass * stated that the 
eosinophil may be difficult to observe in 
fowl, except when supravital techniques 
are employed. Twisselman ** used Wright’s 
stain and supravital stains, but did not 
attempt to differentiate heterophils and 
eosinophils into distinct cell types. This 
difficulty in distinguishing eosinophils may 
have been explained by Natt and Her- 
rick,’® who stated that the pH of the buffer 
used in the Wright staining technique can 
cause changes in shape of inclusions in 
cellular cytoplasm. Dennington and Lu- 
observed that different lots of 
stain may vary in ability to 


some 


cas” also 
Wright’s 
stain cells. 

Rod-shaped inclusions of the cytoplasm 
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Sample Size 


Pipette 
Date 
20000 
c 
3 
° 
15000 
°o 10 20 30 40 60 60 To 80 90 100 


DirsEM—V ENZKE—MOorE 


are seen in more mature heterophils, while 
granular acidophilic inclusions are seen in 
the more immature ¢ells. Cells with both 
types of cytoplasmic inclusions were seen 
in the peripheral blocd of birds showing 
no clinical signs of disease. This latter fact 
may account for the variation of the total 
number of eosinophils that has been re- 
ported in the literature pertaining to avian 
hematology. 


SUMMARY 


1) Leukocyte and thrombocyte counts 
of healthy chickens, 5 to 10 weeks old, 
showed a wide range of variation between 
individual birds. 

2) Erythrocyte counts of chickens of the 
same age and sex showed little variation. 

3) Eosinophils could not be differenti- 
ated from heterophilic granulocytes in 
avian peripheral blood when a Romanow- 
sky type of stain was used to differentiate 
the cells in a blood smear. 

4) Special stains used to differentiate 
mammalian eosinophils from other granu- 
locytes were found to be of little value 
when used to differentiate avian 
phils from the heterophil. 


eosino- 


5) Statistical analyses of avian hemo- 
grams indicated that a group of 20 to 30 
experimental chickens would yield data on 
total leukocyte and erythrocyte counts that 
were as accurate as similar data collected 
from an experimental group of 100 birds. 


6) A microhematocrit method of deter- 
mining blood cell volume was found to be 
a useful diagnostic aid when studying 
avian blood. 
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Bluecomb Disease of Turkeys. V. Preliminary Studies 
on Parental Immunity and Serum Neutralization 


J.T. TUMLIN, D.V.M., and B. S. POMEROY, D.V.M., Ph.D. 


St. Paul, 


BLUECOMB DISEASE of turkeys is believed to 
be similar or identical to several syndromes 
reported since 1929. Among these are: X 
disease (Beaudette'), pullet disease (Jung- 
herr and Levine*), bluecomb disease 
(Bullis 2), contagious indigestion (Waller 
et al), avian monocytosis (Jungherr and 
Matterson*), and avian infectious diar- 
rhea (Watanabe ''). More recently, it has 
been suggested by Sieburth and Johnson ‘ 
that the bluecomb complex produced by 
the Minnesota and Virginia strains be 
called transmissible enteritis. 

In 1953, Pomeroy and Sieburth*® reported that 
bluecomb disease was highly infectious and could 
be serially transmitted in day-old poults. How- 
ever, bacteria-free filtrates of intestinal suspen- 
sions from infected birds failed to produce the 
syndrome. 

The work of Waller,” Waller et al.,° and Wata- 
" suggested that bluecomb disease in chickens 
was caused by a virus. Working independently, 
Tumlin et al.* and Sieburth and Johnson‘ were 
able to reproduce typical signs and of 
bluecomb disease in day-old poults with bacteria- 
free filtrates. Sinee the previous work was pub- 
lished, the authors to serially 
transmit bluecomb disease in poults with bacteria 
free filtrates in over 25 passages. 

During on 
ease in turkeys, erratic death patterns were ob- 
served in several experiments. It was suggested 
that parental immunity in day-old poults may have 
been responsible for the variations in mortality. 

A search of the literature that 
previous work has parental 
immunity in day-old poults hatched from flocks 
recovered from bluecomb The apparent 
immunity of bluecomb disease-recovered turkeys 
was observed Sieburth* in 1954, suggesting 
the presence of an antibody titer high enough to 
prevent the recurrence of infection. Further, the 
recent work of Sieburth and Johnson indi 
cated that the infectivity of Seitz Ek filtrates was 
neutralized with from poults. 


nabe 


lesions 


have been able 
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The purpose of this study was to deter- 
mine if passive immunity is present in day- 
old poults hatched from breeding flocks 
that have recovered from bluecomb disease 
and, also, to determine the neutralizing 
capacity of serums from birds of the same 
flocks. 


MATERIALS AND METHODS 


Experimental Birds.—The day-old Broad White 
poults used in these studies were obtained 
a U.S. Pullorum-Typhoid Clean hatchery. 
A, B, and C had of 
and were the source of poults to be 
resistant. The susceptible poults were obtained 
from flock D, which had no history of bluecomb 
disease for several years before these trials. All 
birds were housed in modified Horsfall-Bauer units 
and fed ad libitum on an antibiotic-free, practical 
ration containing 26 per cent protein. 

and Inoculation.—The Selas fil 
trates used in the parental immunity and serum 
neutralization studies were prepared by first mak 
ing a 20 per cent suspension of bluecomb-infected 
intestines and triturated in distilled 
water. The resulting suspension was passed 
through gauze and elarified by centrifuging it at 
1,400 X g for 30 minutes. The supernatant fluids 
were pooled and passed through Selas filter ele 
ments. 


from 
Floeks 
disease 


histories bluecomb 


assumed 


Inoculum 02 


contents, 


Each poult was inoculated orally with 
(0.3 ml.) of the bacceria-free filtrate. 
lated controls were maintained in 
flocks A, B, C, and D. 

For the serum-neutralization studies, 
amounts of pooled serums, from several birds of 
flocks A, B, C, and D, were mixed with constant 
amounts of Selas 02 filtrates to obtain final serum 
dilutions of 1:2, 1:4, and 1:8, The mixtures of 
filtrate and were allowed to stand at 
temperature one 
inoculation of poults. 

Each drops (0.3 
various serum-filtrate dilutions orally. 
the inoculated control groups 
untreated Selas filtrate to 
quantity of filtrate given 
dilutions. 


5 drops 
Uninocu 
each trial for 


varying 


serum room 


for hour or longer before the 
ml.) of 
Poults 
drops of 
with the 


serum-filtrate 


bird received 5 the 


in 
received 3 

eorrespond 
with the 


The groups were weighed at the beginning and 
end of each experiment to determine weight gains. 
Deaths were recorded daily for a period of ten 
days. Dead birds were examined for the typical 
lesions of bluecomb disease and for the possible 
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TABLE i1—Mortality and Weight Gains in Inoculated and Uninoculated Poults from Recovered 


and Susceptible Flocks 


Source of 
poults 


Flock A 
Flock A 
Flock B 
Flock B 
Flock C 
Flock C 
Flock D 
Flock D 


Group 


(No.) Inoculums 


Selas filtrate 
Uninoculated controls 
Selas filtrate 
Uninoculated controls 
Selas filtrate 
Uninoculated controls 
Selas filtrate 
Uninoculated controls 


* The number of survivors appears in parentheses 


presence of Salmonella organisms or other patho- 
gens by the method described in the following 
paragraph. Accidental deaths not included 
in the mortality percentage figures. 

Cultural Methods.—The intestinal and 
the livers of representative samples of dead poults 
eultured for the Sal- 
and other pathogenic organisms by use 
of accepted methods. The Selas 02 filtrates 
for the bacteria by 

ml. of into 15 


were 


contents 


were possible presence of 
monella 

were 
inocu- 


ml. of 


examined presence of 
lating 1.0 the 
Brewer’s thioglycollate medium and incubating it 


for 72 37 C. 


material 
hours or longer at 


RESULTS 


The Selas 02 filtrates used as inocula 
in both the parental immunity and serum- 
neutralization studies were found to be 
bacteria-free after incubation for 72 hours 
or longer at 37 C. in Brewer’s thioglycol- 
late medium. 

The average percentage of cumulative 
mortality and the average weight per sur- 
viving poult for the two trials conducted 
on parental immunity are shown (table 1). 
Inoculated poults from the supposedly re- 
sistant breeding flocks A, B, and C had an 
60.0 


average mortality of 82.4, 77.7, and 


Average weight 
of survivors 


Cumulative 


Birds mortality 


/ 


per cent, respectively, as compared with 
70.9 per cent in the inoculated poults from 
flock D, a susceptible source. The mortality 
in the uninoculated poults from flocks A, 
B, C, and D ranged from 0.0 to 9.6 per 
cent. 

The average weight per poult, recorded 
at the beginning of each experiment on 
parental immunity, ranged from 54 to 62 
Gm. for the two trials. The average weights 
for those birds surviving the experiments 
are shown (table 1 For the inoculated 
groups, the range was 76.7 to 88.5 Gm. per 
bird, and for the uninoculated poults, 96.0 
to 126.8 Gm. per poult 

An examination of dead birds in the 
inoculated groups revealed typical lesions 
of bluecomb disease in all birds necropsied. 
There was no evidence of bluecomb disease 
in any of the uninoculated poults. No Sal- 
monella species or other pathogens were 
detected by bacteriological examinations 
of the liver and intestines. 

Data showing the cumulative percentage 
of mortality in poults inoculated with 1:2, 
1:4, and 1:8 serum-filtrate dilutions 
presented (table 2 Also shown is 


are 
the 


TABLE 2—The Effect of Serum from Susceptible and from Bluecomb-Infected Flocks on the 
Infectivity of Selas 02 Filtrates 


Source ot serum 


Inoculum serum dilution 


Selas filtrate Normal serum 


Selas filtrate 


Selas filtrate 


1 
1 
1 
Selas filtrate 1 
1 
1 
1 


Selas filtrate Inoculated controls 
Uninoculated controls 


The number of survivors appears in 


parentheses 


Cumulative (\verage weight 


Birds 
(No 


mortality of survivors 


(Gm.) 
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(No.) (%) (Gm.) 
1 34 4 88.5 ( 6)* 
2 36 8 111.1 (34) 
3 36 7 76.7 ( 8) 
4 37 7 108.6 (33) 
5 35 | ne 78.5 (14) 
6 36 .0 126.8 (36) 
7 31 70.9 78.1 ( 9) 
~ 31 9.6 96.0 (28) 
13 3.5 77.5 (20 
5 68.6 74.1 (11 
35 62.9 78.1 (13 
2.9 17.9 34 
40 47.5 76.9 (21 
15 5 5 23.0 20) 
45 2.2 8.9 (44 
47 61.7 77.7 (18 
15 18.8 73.5 (23) 
40 7.5 101.7 (37 
41 19.5 87.3 (33) 
43 55.8 76.3 (19) 
: 32 62.5 94.6 (12) 
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average weight per surviving poult for the 
three experiments conducted on the serum- 
neutralization capacity of serum from sus- 
ceptible and bluecomb-infected flocks. The 
serums used in these studies were obtained 
from the same breeding flocks that sup- 
plied poults for the parental immunity 
studies. Selas 02 filtrates mixed with nor- 
mal serum produced an average mortality 
in inoculated poults of 53.5, 68.6, and 
62.9 per cent for the 1:2, 1:4, and 1:8 
dilutions, respectively. Filtrate mixed 
with serum from flock A produced a mor- 
tality of 2.9, 47.5, and 55.5 per cent; flock 
B, a mortality of 2.2, 61.7, and 48.8 per 
cent; and flock C, 7.5, 19.5, and 55.8 per 
cent, for the 1:2, 1:4, and 1:8 dilutions, 
respectively. Mortality in the inoculated 
control birds (untreated filtrate) was 62.5 
per cent, and in the uninoculated controls, 
only 1.6 per cent. 

The average weight per poult recorded 
at the beginning of each experiment on 
serum neutralization ranged from 52 to 57 
Gm. for the three replications. Average 
weights recorded for those birds surviving 
are shown (table 2). For the inoculated 


groups, the range was 73.5 to 94.6 Gm. per 
bird, but more frequently averaged from 


70 to 80 Gm. Birds in the uninoculated 
control groups had an average weight of 
105.8 Gm. 

There was no evidence of bluecomb dis- 
ease in any of the uninoculated controls or 
in poults receiving 1:2 serum-filtrate dilu- 
tions prepared from the serums of flocks 
A, B, and C. All other birds had typical 
lesions of bluecomb disease at necropsy. 
No Salmonella species or other pathogens 
were detected by bacteriological examina- 
tions of liver and intestines. 


DISCUSSION 


Mortality observed in poults from blue- 
comb disease-recovered breeding flocks A 
and B was slightly higher than that in 
poults from the susceptible breeding birds 
of flock D. The mortality in poults from 
flock C was about 11 per cent lower than 
that in the inoeulated control birds of 
flock D. This difference is not considered 
significant, since a calculation of chi-square 
gave a probability value of 0.317. These 
data (table 1) suggest that parental im- 
munity either is lacking completely or is 
present at levels which are not measurable 
under the conditions of these experiments. 

The average weights of survivors in the 
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inoculated groups (table 1) show a differ- 
ence of 17.9 to 48.3 Gm. per poult more 
for the uninoculated poults over those in 
the inoculated groups. These differences 
in weight gains show the debilitating effect 
of bluecomb disease on young poults. 

Data on the serum-neutralization studies 
(table 2) indicate that the 1:2 normal 
serum dilution may have had a slight in- 
hibitory effect on the Selas 02 filtrate. The 
difference in mortality from that in the 
inoculated controls is not considered sig- 
nificant, since a calculation of chi-square 
gave a probability value greater than 
0.317. This activity was not unexpected, 
since normal serum may, under certain 
conditions, have an inhibitory effect on 
some infectious agents. The 1:4 and 1:8 
dilutions of normal serum had little or no 
effect on the Selas filtrate when compared 
to the percentage of mortality in the inocu- 
lated controls. 

The 1:2 dilutions of serums from flocks 
A, B, and C exhibited what appears to be 
complete neutralization of the Selas fil- 
trate. None of the birds dying in these 
groups showed evidence of bluecomb dis- 
ease at necropsy, and the average weight 
per surviving poult was about equal to 
that observed in the uninoculated controls. 
Dilutions of 1:4 and 1:8 of serums from 
flocks A and B showed slight to negative 
neutralization of the Selas 02 filtrate. How- 
ever, the 1:4 dilution of serum from flock 
C did show some neutralizing capacity. 
The difference in mortality for the 1:4 
dilution of flock C serum from that ob- 
served in poults inoculated with the 1:4 
normal serum dilution and the Selas 02 
filtrate was considered highly significant, 
since probability values of less than 0.0005 
and 0.0001, respectively, were obtained 
when chi-square was calculated. Dead 
birds from the groups of flock C inoculated 
with the 1:4 serum filtrate dilution showed 
some evidence of bluecomb disease at nec- 
ropsy, and the average weight per surviv- 
ing poult was somewhat lower than that 
of the uninoculated control birds. 

Pomeroy and Sieburth® were unable to 
reduce mortality in day-old poults with 
antiserum from recovered birds when in- 
jected subcutaneously. The data (table 2 
indicate that the antibody titer in blue- 
comb-recovered birds is low, but high 
enough to prevent recurrence of infection. 
This statement is further supported by the 
fact that, under field conditions, no recur- 
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rence of infection has been observed in 
those flocks in which the diagnosis has been 
verified by laboratory examination. 

The average weights of survivors in the 
groups of flocks A, B, and C inoculated 
with the 1:2 serum-filtrate dilution are 
considerably higher than those for all other 
groups, with the exception of the inocu- 
lated controls. The high average weight 
observed in this latter group may be ex- 
plained by the presence of several birds, 
apparently refractive to the Selas 02 fil- 
trate and its debilitating effects. This phe- 
nomenon has been experienced on several 


other occasions in our research on blue- 


comb disease but, until the present time, 
has not been satisfactorily explained. The 
data on weight gains (table 2) again show 
the debilitating effect of bluecomb disease 
on young poults. 


SUMMARY 


1) Preliminary studies indicate that 
parental immunity in day-old poults either 
is lacking completely or is present at levels 
not measurable under the conditions of 
these experiments. 

2) Antiserum, at a 1:2 dilution, from 
three flocks recovered from bluecomb dis- 
ease, completely neutralized Selas 02 fil- 
trates. Slight or no neutralization was 
observed at the 1:4 dilutions for flocks A 
and B. The 1:4 dilution of antiserum 
from flock C showed good, although not 
complete, neutralizing capacity. 
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3) Weight gains of the uninoculated 
control poults and of those inoculated with 
1:2 serum-filtrate dilutions were consis- 
tently higher than those inoculated with 
filtrate alone or with 1:4 and 1:8 serum- 
filtrate dilutions. 

4) The severe debilitating effect of blue- 
comb disease is recorded. 
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The Indirect Hemagglutination Test in the Avian 
Salmonella Problem 


JOHN McNEILL SIEBURTH, Ph.D. 


Blacksburg, Virginia 


IN AREAS of intensive poultry raising, as 
many as 40 to 60 Salmonella species ? * 
are causing early death losses in chicks,” 
as well as in turkey poults. The only sero- 
logical means generally available for the 
detection of salmonellosis in breeding flocks 
are the Salmonella pullorum, Salmonella 
gallinarum, and Salmonella typhimurium 
agglutination tests. 

The first indication of Salmonella infection by 
serologically unrelated species is the diagnosis of 
salmonellosis in the progeny. A better salmonel 
losis control program will result only when breed 
ing flocks are tested for all or most Salmonella 
species that occur in poultry before they are used 
as a souree of hatching eggs. Attempts to develop 
polyvalent agglutination than two 
serogroups have been unsuccessfu 


tests to more 


13 


A new approach to a polyvalent Salmonella 
antigen was made possible by the discovery of the 
principle of indirect hemagglutination by Keogh 
et Fulthorpe* observed that 
could be sensitized by polysaccharides from two 
Salmonella time and that 
systems were more sensitive than whole 
agglutination systems. Many monovalent systems 
have been used e¢linically to detect infection by 
members of the family Enterobacteriaceae.” *™ 
This and other aspects of bacterial hemaggluti- 
nation have been reviewed recently by Neter.® 
Polyvalent Salmonella indirect hemagglutination 
tests have been applied to salmonellosis both in 
” and in poultry.” 


erythrocytes 
species at one these 
bacteria 


1s 


man 

The purpose of this paper is to illustrate 
the research, diagnostic, and field testing 
potentialities of the indirect hemaggluti- 
nation test in the avian Salmonella 
problem. 


PRINCIPLE OF THE INDIRECT 
HEMAGGLUTINATION TEST 

Suspensions of agar-grown Salmonella cells are 
heated to rupture the cells and liberate erythro- 
eyte-sensitizing polysaccharide from the lipopoly- 
saccharide complex.’ The supernatant fluid 
taining the erythrocyte-sensitizing substance is 


¢con- 
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added in excess to washed erythrocytes and incu 
bated to allow sensitization. Unadsorbed bacterial 
material is removed from the sensitized erythro 
eytes by washing. Suspensions of sensitized eryth- 
rocytes are used as both plate and tube antigens. 
Polyvalent preparations are obtained by adding, 
simultaneously, as erythrocyte-sensitizing 
preparations as needed to give the desired somatie 


many 


antigens. The presence of specific antibody causes 
the sensitized erythrocytes to form clumps in the 
plate test and to produce a typical hemaggluti- 
nation reaction in the tube test. 


METHODS AND MATERIALS 


All chickens and turkeys were raised in wire 
floored batteries until they were placed in modi 
fied Horsfall-Bauer isolation cages for the experi 
ment. After fasting for 18 hours, each bird was 
inoculated by pipetting an aliquot of a suspension 
of heart infusion agar (Difeo) -grown Salmonella 
cells directly into the crop. An antibiotic-free, 
practical-type ration and water were supplied ad 
libitum. Blood was drawn for serum at the time 
of inoculation and at three- or six-day intervals 
until the end of the experiment. 

At the end of the experiment, each 
killed and Salmonella recoveries were attempted. 
Organs were aseptically streaked on heart infusion 
a blender and put 
(Difeo Bile 


bird was 


agar, as well as macerated in 
in tetrathionate enrichment broth 
and intestinal mucosal scrapings were put into 
tetrathionate broth only. The enrichment broths 
were streaked on both brilliant green agar (Difeo) 
and SS agar (Difco) and suspicious colonies were 
picked onto lactose urea agar” and mannitol iron 
semisolid agar, according to the procedure of 
Sieburth.” 

For the indirect hemagglutination tests, chicken 
erythrocytes prepared from citrated blood 
washed three times in buffered saline solution* 
and diluted to 0.5 per cent. Salmonella 
sions (25 ce. of saline solution washings of 24- 
hour growth on 200 ml. of heart infusion agar per 
Roux flask, to yield an approximate turbidity of 
10 X the MaecFarland tube 6) were held in screw- 
capped tubes in a boiling water bath for 60 min 
utes to liberate erythrocyte-sensitizing substance. 
The supernatant fluid obtained after light centri- 
fuging (1,000 r.p.m. for 2 min.) was added in a 
dilution of 1:20 (equal to MaecFarland tube 3) 
to the 0.5 per cent erythrocyte suspension. For 


were 


suspen- 


* The buffered stock saline solution consisted of 170 
Gm. of NaCl, 13.6 Gm. of KHePO«s, 3.0 Gm. of NaOH, 
and 1,000 ml. of distilled water which was diluted 1:20 
to give a pH of 7.1 to 7.2 and a molarity of 0.005. 
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as amount of each erythro- 
added 
The erythrocytes 


37-C, 


polyvalent systems, 1 
cyte-sensitizing substance preparation was 
at one time to the erythrocytes. 
were incubation in a water 
bath 
material 


(1,500 


sensitized by 


for 45 minutes and the unadsorbed bacterial 


washing three times 


buffered 


was removed by 


r.p.m. for 2 min.) with saline 
solution. 

To perform the test, the 
sensitized erythrocytes were added to 0.5-ml. vol 
Indirect 


highest 


0.25-ml. aliquots of 
dilution. hemagglutina 
the 


erythrocytes 


umes of serum 
dilution in 

failed to 
settle in a compact button after 40 minutes’ 


bation at 


tion titers were serum 


which agglutinated and 
jneu 
room temperature. 
tests for 


somatie 


Agglutination typhimurium 


with 


were 
Aliquots 0.5 

MaeFarland 
tube 2 were added to 0.5-ml. serum dilutions and 
after 24 hours’ 


performed antigen. 


ml.) of antigen dilution equal to the 


read incubation at 37 C, 


EXPERIMENTAL PROCEDURES AND RESULTS 


Comparison of Agglutinins and Indirect 
Hemagglutinins.—To compare the titers of 
agglutinins and indirect hemagglutinins, 
6 White Leghorn chickens, 12 weeks old, 
were inoculated orally with approximately 
10° S. typhimurium cells per bird. Agglu- 
tinin and indirect hemagglutinin titers 
were determined for each bird at three- 
day intervals for 30 days. The range and 
mean of the titers are given (graph 1). 

Indirect hemagglutinin titers appeared 
earlier, were consistently greater, and de- 
creased more slowly than the agglutinin 
titers. Agglutinins increased after day 6 
and declined after day 21. Indirect hemag- 
elutinins increased between days 3 and 6, 
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° 5 10 1s 20 25 30 
ON EXPERIMENT 
Graph 1—Comparison of the mean and range of 
agglutinin and indirect hemagglutinin titers of 6 
Salmonella typhimurium-infected chickens. 
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Graph 2—Correlation of agglutinin and indirect 

hemagglutinin titers of chickens experimentally 

and naturally infected with Salmonella _ typhi- 
murium. 


but did not decline sharply until after day 
27. The highest agglutinin and indirect 
hemagglutinin titers were observed on day 
12. The marked difference in titers ob- 
tained by the two tests is indicated by the 
small amount of overlap in the range of 
titers. Although there was a marked quan- 
titative difference obtained by the two 
tests, the rise and fall of titers somewhat 
paralleled each other. 

Correlation of Agglutinin and Indirect 
Hemagglutinin Titers—In an attempt to 
observe a possible correlation between the 
titers obtained with these two tests, serums 
from 169: laying hens naturally infected 
with S. typhimurium and 125 chickens ex- 
perimentally infected with S. typhimurium 
were used. 
glutinin titers and polyvalent 
B, C, D, and E 
were determined. 
agglutinin titer 


Salmonella typhimurium ag- 
(serogroups 
indirect hemagglutinins 
Values for both constant 

versus mean indirect 
hemagglutinin titer and constant indirect 
hemagglutinin titer versus mean agglu- 
tinin titer were plotted for both groups of 
birds (graph 2). There striking 
linear relationship and only a slight dif- 
ference between the two groups of birds. 
A mean line by inspection for all values 
was drawn in order to compare titers. In- 
direct hemagglutinin titers appeared to be 
approximately ten times greater than ag- 
glutinin titers. Estimated mean agglutinin 
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Test FoR AVIAN 
hemagglutinin titers 
were 10:140, 20:280, 40:480, 80:880, 
160:1,600, 320:2,560, and 640:5,120. 

Specificity and Cross Reaction —To ob- 
serve specificity and cross reaction of the 
indirect hemagglutinin responses of tur- 
keys, groups of 3 Beltsville Small White 
poults, 10 weeks old, were inoculated with 
approximately 10° organisms of the Sal- 
monella species representing serogroups 
C, montevideo), Co (S. newport), Ey 
(S. anatum), Ey (S. senftenberg), B (S. 
pullorum), or D (S. typhimurium). The 
polyvalent titers at 0 days (blank area) 
and 14 days (black area) postinoculation, 
as well as the day 14 monovalent titers, are 
given (graph 3). 

There was an appreciable increase in 
polyvalent titers in all six groups. The 
species-specific monovalent titers were 
similar, theugh slightly lower than the 
polyvalent titers, indicating no loss in sen- 
sitivity of the polyvalent preparations. 
Only in groups E,; and Ey, and, to a lesser 
degree, in groups B and D were titers ob- 
tained with common antigens that were 
higher than those obtained with uncommon 
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antigens. Comparing the day 0 polyvalent 
titers with the day 14 titers obtained with 
uncommon antigens indicates that there 
was a slight increase in nonspecific anti- 
body. 

Distribution of Polyvalent Titers—The 
high titers obtained with the indirect 
hemagglutination test arc shown (graphs 
1, 2), and the presence of nonspecific in- 
direct hemagglutinating antibody also is 
indicated (graph 3). In an attempt to de- 
termine if there was an adequate spread 
of polyvalent indirect hemagglutinin titers 
between uninfected (nonspecific titers) 
and infected (specific titers) flocks for 
diagnostic purposes, 89 serums from an 
uninfected flock and 169 serums from a 
flock naturally infected with S. typhi- 
murium were used. The erythrocytes were 
sensitized to Salmonella enteritidis, SW. 
montevideo, S. typhimurium, and SN. ana- 
tum. Salmonella typhimurium agglutinin 
titers of the infected flock also were de- 
termined. The distribution of the number 
of samples having various titers is pre- 
sented (graph 4). The polyvalent indirect 
hemagglutinin titers of the uninfected 
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Graph 3—Mean monovalent and polyvalent indirect hemagglutinin titers of six groups of 
3 turkey poults, each group inoculated with a different Salmonella species. 
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Graph 4—Polyvalent indirect hemagglutinin titers 

of an uninfected flock and a flock naturally in- 

fected with Salmonella typhimurium, compared 
with agglutinin titers of the infected flock. 


flock were all below 160 and 99 per cent 
were below 80, while 90 per cent of those 
in the infected flock were 80 and above and 
66 per cent were 160 and above. There 
appeared to be an adequate spread for 
flock diagnosis. Agglutinin titers ranged 
from 0 to 320, 46 per cent having a positive 
titer of 20 or more. 

Comparison of Serological and Cultural 
Responses.—During previous studies,’ 
it became apparent that there was little 
correlation between the carrier and reactor 
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states of S. typhimurium-infected chickens, 
especially those that were infected margin- 
ally. In an attempt to demonstrate the 
serological responses of birds in different 
carrier states, the results from 33 chickens, 
10 weeks and 10 months of age, obtained 
at ten and 24 days postinoculation, are 
given (graph 5). There were equal num- 
bers of nonearriers, organ carriers, and 
intestinal earriers (6 or 7 birds) and twice 
aS many organ and intestinal carriers (13 
birds). The serological responses of non- 
carriers and intestinal carriers were simi- 
lar. The poorest serological response was 
exhibited by the organ carrier group. 

Indirect Hemagglutination Plate Test. 
The optimum concentration of sensitized 
erythrocytes for the indirect hemaggluti- 
nation tube test is a 1:2 dilution of a 0.5 
per cent suspension (0.16% final concentra- 
tion). Suspensions of 2.5 per cent sensi- 
tized erythrocytes appear suitable for 
serum and whole blood plate tests. The 
addition of 0.2 ml. of 20 per cent sodium 
citrate per 10 ml. of suspension prevented 
clotting in the whole blood test. Marked 
agglutination within one minute was inter- 
preted as a positive test. 

Agglutination and indirect hemaggluti- 
nation tests performed as both plate (whole 
blood) and tube (serum) tests were com- 
pared, using samples from 7 chickens, 10 
weeks old, obtained 0, 3, 6, 9, 12, 18, and 
24 days after inoculation with approxi- 


Graph 5—Comparison of 
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mately 10° S. typhimurium cells per bird. 
The results (graph 6) indicated that plate 
and tube test results were similar. Indirect 
hemagglutinins were detected as early as 
six days and were present in all birds by 
12 days postinoculation. Agglutinins were 
not detected until the ninth day and were 
not present in all birds until the eighteenth 
day postinoculation. 

Preliminary trials with polyvalent in- 
direct hemagglutination plate tests indi- 
cated that certain combinations of erythro- 
cyte-sensitizing substances can make the 
test oversensitive, possibly through the de- 
tection of nonspecific antibody. 

Effect of Furazolidone on Serological 
Responses.—The chemotherapeutic agent, 
furazolidone, has been used widely for the 
prevention and treatment of salmonellosis 
in poultry. In order to observe the effect 
of furazolidone on the serological responses 
of S. typhimurium-infected chickens (ap- 
proximately 10° organisms per bird), ag- 
glutinin and indirect hemagglutinin titers 
of untreated and treated groups were de- 
termined at four-day intervals for 24 days. 
Both the ‘‘preventive’’ level of 0.005 per 
cent (1 lb. NF-180*/ton of feed) and the 
‘*therapeutic’’ level of 0.01 per cent (2 Jb. 
NF-180/ton of feed) were used from the 
time of inoculation, and the average values 
of the 6 chickens per group are given 
(graph 7). A good agglutinin and hemag- 
glutinin response was observed in the 
untreated group. Although furazolidone 
reduced both the agglutinin and hemagglu- 


* NF-180 is 11 per cent furazolidone [ N-(5-nitro-2-fur 
farylidene ) -3-amino-2-oxazolidone |, 
by Hess and Clark, Inc., 


and is manufactured 


Ashland, Ohio 
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tinin responses, the hemagglutinins 
mained at a diagnostic level while the ag- 
glutinins were virtually nonexistent. Liver 
and intestinal cultures were made on all 
birds at the end of the experiment. Sal- 
monella typhimurium was recovered from 
4 of the 6 untreated birds (3 intestinal 
carriers and I liver and intestinal car- 
rier). No Salmonella recoveries were made 
from the furazolidone-treated birds. 

To confirm this observation and to deter- 
mine if an indirect hemagglutination plate 
test would be of value as a screening test 
for birds on furazolidone medication, the 
following experiment was conducted. Serum 
samples were obtained at three-day inter- 
vals for 30 days from 6 8S. typhimurium- 
inoculated, untreated chickens and 7 in- 
oculated chickens given feed supplemented 
with 0.01 per cent furazolidone from the 
time of inoculation. Both agglutination 
and indirect hemagglutination serum-plate 
were performed, and results are 
shown (graph 8). In the untreated group, 
hemagglutinins appeared earlier and per- 
sisted longer than the agglutinins. All 
birds were positive to both tests from day 
9 through day 18. In the furazolidone- 
treated group, all 7 birds were positive to 
the hemagglutination test from day 9 
through day 24, while only 3 birds were 
positive to the agglutination test on days 
9 and 12, and 2 were positive from day 15 
on. At the end of the experiment on the 
thirtieth day, the livers, hearts, spleens, 
gonads, bile, and intestines of all birds 
were cultured for the presence of Salmo- 
nella. Salmonella typhimurium was recov- 
ered only from the liver of 1 of the 6 un- 
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Graph 6—Comparison of 
plate and tube methods 
of agglutination and in- 
direct hemagglutination 
tests for Salmonella 
typhimurium, on 7 ex- 
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Graph 8—The effect of furazolidone medication 

on serum-plate agglutination and indirect hemag- 

glutination tests on chickens experimentally in- 
fected with Salmonella typhimurium. 


treated birds, while gonad and intestinal 
recoveries were made from 2 of the 7 fur- 
azolidone-treated birds. 


Discussion 


Chicken erythrocytes, sensitized by an 
excess Of heat-lysed Salmonella cells (crude 
erythrocyte-sensitizing substance) and 
washed free of unadsorbed material, are a 
far more sensitive agglutinating antigen 
than whole bacterial cells. Antibodies (in- 
direct hemagglutinins) to these antigenic 
preparations appear earlier, are consist- 
ently higher, and disappear more slowly 
than antibodies to bacterial cells (agglu- 
tinins). The parallel course of agglutin- 
ins and indirect hemagglutinins and the 
marked linear correlation of titers to the 
two tests, as well as the equal suppression 
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of mean titers by furazolidone medication, 
indicate that both tests may be measuring 
the same antibody. The higher titers ob- 
tained with the indirect hemagglutination 
test (approximately 10 times higher) might 
be explained by the physical differences 
between bacterial cells and chicken eryth- 
rocytes. 

The ability of chicken erythrocytes to 
be sensitized by at least seven erythrocyte- 
sensitizing preparations provides a useful 
research and diagnostic tooi. These poly- 
valent preparations are at least as sensitive 
as, if not more sensitive than, monovalent 
preparations. The polyvalent indirect 
hemagglutination tube test has been used 
to indicate the absence of Salmonella infec- 
tions in breeding flocks and experimental 
birds, as well as to indicate the presence of 
salmonellosis in birds submitted to the lab- 
oratory for diagnosis. This presumptive 
serological test for salmonellosis, which 
can be read in 30 to 40 minutes, permits 
earlier diagnosis and treatment. The four- 
day refrigerator life of sensitized erythro- 
cytes in the form used in this study may 
limit further applications. However, it is 
possible that stabilized erythrocytes or 
stable resins might be used which would 
increase the storage life as well as the ap- 
plications of the test. 

The rationale behind a polyvalent indi- 
rect hemagglutination test is that the pres- 
ence of somatic antigens common to most 
Salmonella species encountered would give 
an antigen that would detect antibodies to 
most Salmonella species. This rationale 
appeared to be substantiated in a previous 
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study with chickens.” Erythrocytes sen- 
sitized to heterologous species, with anti- 
gens common to those used to infect the 
chickens, detected antibodies to a degree 
similar to the species-specific preparations. 
However, a similar experiment with tur- 
keys indicated that titers obtained with 
erythrocytes sensitized with heterologous 
species, with common antigens, did not give 
titers similar to those obtained with the 
species used to infect the turkeys. This 
discrepancy may be due either to a differ- 
in the relative amounts of somatic 
antigen in the species used in the two ex- 
periments or to a poorer ability of turkeys 
to show serological responses. 

Monovalent sensitized erythrocytes used 
as serum- or whole blood-plate tests gave 
results similar to those obtained with the 
tube test. However, certain polyvalent 
preparations have been oversensitive, pos- 
sibly due to nonspecific indirect hemagglu- 
tinins.’? Further study may resolve this 
problem and yield a test applicable for 
field testing, as well as a rapid presumptive 
test for the diagnostic laboratory. 

Furazolidone feed medication aids in 
the elimination of Salmonella organisms 
from infected birds, but certain birds may 
remain intestinal ecarriers.'6 Agglutinins 
virtually are nondetectable in furazoli- 
done-treated birds. Although indirect he- 
magglutinins also are reduced, they persist 
at a detectable and significant level for 
flock diagnosis. 

There is 


ence 


between the 
in WN. 


Some 


correlation 
carrier and reactor states ty phi- 
murium-infected chickens. birds 
show good serological responses and are 
not carriers, while others are carriers and 
show poor or no_ serological 
Organ carriers appear to show less sero- 
logical response than nonecarriers and intes- 
tinal carriers. Two possible explanations 
are that the presence of viable organisms 
in the organs are tying up antibodies or 
that these birds are poor antibody pro- 
ducers and enable the organisms to persist 
in the organs. For these reasons, it ap- 
pears that serological diagnosis of salmo- 
nellosis, at least in 8S. typhimurium infee- 
tions, should be limited to flock detection, 
rather than to the detection of infected 
individuals, as is the practice in pullorum 
testing. 


poor 


responses. 


SUMMARY 


The purpose of this paper is to illustrate 
the research and diagnostic potentialities 
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of the indirect hemagglutination test in 
avian salmonellosis. Indirect hemagglu- 
tinins appeared earlier, persisted longer 
and were approximately ten times higher 
than agglutinins. Polyvalent preparations 
were equally as sensitive as monovalent 
preparations and the spread in titers be- 
tween an uninfected and a Salmonella 
typhimurium-infected flock appeared ade- 
quate for diagnostic purposes. Monovalent 
preparations used as a plate test gave re- 
sults similar to the tube test. Unlike the 
agglutination test, the indirect hemagglu- 
tination test detected antibodies in furazol- 
idone-treated chickens. The test has 
used successfully for rapid tentative diag- 
of in the diagnostic 
laboratory. 


been 


nosis salmonellosis 
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Growth Response of Salmonella Pullorum in the 
Chicken Embryo 


C. D. JEFFRIES, M.S., and D. F. HOLTMAN, Ph.D. 


Knoxville, Tennessee 


SALMONELLA PULLORUM has been found to 
occur in the yolks of eggs from infected 
laying Also, Beaudette et 
al.";* found that S. pullorum could be iso- 
lated from the yolks of eggs containing a 
dead embryo. 

The embryonating egg and the associ- 
ated tissues have been useful in the cul- 
ture of microorganisms, the study of the 
pathological changes induced, and _ the 
evaluation of chemotherapeutic agents, 


antibioties, and antiserums.* Though these 
investigations have been made, there is a 
lack of information relative to the response 
of the bacterial parasite to the host. 

In the present investigation, an attempt 
has been made to correlate the responses 
of the host and the parasite. This inquiry 


included the minimum lethal dose (m.].d.) 
upon inoculation via the allantoic cavity, 
the growth response of S. pullorum in the 
allantoic fluid, and the ability of the para- 
site to gain entrance into the embryo. 
While the approach used in this study has 
been primarily basic, the results have a 
practical application in that they relate to 
the need for using clean eggs in hatcheries. 
METHODS 


MATERIALS AND 


A strain of 8S. pullorum (3522/51) obtained 
from the Communicable Center, Cham- 
blee, Ga., was used throughout this investigation. 
The strain conformed to the biochemical reactions 
as given in Bergey’s Manual of Determinative 
Bacterology (6th ed.). Cultures maintained on 
tryptose soytone (Difeo) with 1.5 agar 
were stored at 5C., 

Bacterial suspensions for inoculation were pre- 
pared by suspending the growth from a 24-hour 
tryptose soytone slant in physiological saline solu- 
tion. In the ease of the synthetic medium of 
Gilfillan et al.,° the growth was separated by 
centrifugation and the precipitate suspended in 
physiological saline solution. The suspensions 
were adjusted to contain approximately 9 X 10° 
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cells per mililiter by comparison with the No. 3 
MeFarland nepholometer in the Klett-Summerson 
photoelectric colorimeter. Tenfold dilutions were 
prepared in physiological saline solution, and 0.1 
ml. containing about one or two cells was admin- 
istered. The numbers of viable organisms in the 
inocul@m were determined by standard plate count. 

Eggs from pullorum-free New Hampshire breed- 
ing flocks were obtained hatchery 
after having been incubated for seven days. In the 
laboratory, the eggs were placed in a Freas ineu- 
bator at a temperature of 37.5C., and the hu 
midity was increased by a tray of at the 
bottom of the incubator. 

Prior to use, the eggs were examined by trans 
illumination and containing viable 
embryos were retained; also, the position of the 
marked on the shell with pencil. 
Inoculation into the allantoic fluid was 
plished by inserting a l-ineh, 24-gauge 
through a small hole in the shell over the air sae. 
The needle was inserted at an angle of 30 degrees 
to the long axis of the egg and away from the 
embryo in order to minimize traumatic injury. 

Standard plate counts to determine the growth 
response of the organism were made, initially, at 
12-hour intervals and, in later experiments, at 
two-hour intervals. After the shell 
over the air sac and the membranes removed, 1 Gm. 
of allantoic fluid pipette and 
transferred to a 99-ml. dilution bottle. Two eggs 
were used at each time interval, the average count 
of these being representative of the 
population for all eggs at that time. 

To determine the number of bacteria present in 
the embryo, the allantoie fluid removed by 
blotting with sterile balls of absorbent cotton. 
Following this treatment, the embryo was re- 
moved from the amniotic cavity and washed with 
flowing sterile distilled water. It was then homog- 
enized in an Osterizer and the necessary dilutions 
prepared from the homogenate. 


from a local 


water 
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RESULTS 


The minimum lethal dose (m.ld.) of 
S. pullorum, as determined by its injec- 
tion into the allantoic fluid of the embryo- 
nating egg, was one cell. Eggs, presumably 
injected with this dose, which contained 
viable embryos one week after inoculation 
showed no S. pullorum upon culture of the 
allantoic fluid or embryonic liver. All 
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PERCENT OF EMBRYOS DEAD 


24 48 
TIME (HOURS) 


Graph 1—Mortality of comparable groups of 

chicken embryos inoculated with approximately 

one cell via tne allantoic cavity. An interpolated 
mean is shown. 


embryos that died after injection of one 
cell harbored the organism in the allantoic 
fluid, embryonic liver, or both. The mor- 
tality of embryos following the introduc- 
tion of the parasite was about 50 per cent 
at 60 hours (graph 1). 

Growth studies were made to determine 
the reason for the low m.l.d. The viable 
counts made at 12-hour intervals were 
found to be exponential (graph 2), and ap- 
proached a maximum of 10° organisms per 
gram of allantoic fluid within 60 hours. 
Eggs that contained dead embryos were 
plated, and the maximum was found to be 
in the vicinity of 10° organisms per gram 
of allantoic fluid. 

To determine more effectively the growth 
activities of the first 24-hour period, the 
time interval between platings was changed 
to two hours. It was found that the count 
did not rise to 10° organisms per gram of 
allantoic fluid until about the twelfth hour 
after inoculation. Although the growth 
response was rapid from the twelfth to the 
twenty-fourth hour, some irregularity in 
growth was noticed between these two 
times when counts were made every two 
hours. There was a reduction in the num- 
ber of bacteria per gram of allantoic fluid 
between 12 and 14 hours postinfection. At 
the same time, the embryo exhibited an 
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increase in numbers of organisms (graph 
3). Actually, the increase in the number of 
bacteria in the embryo was much sharper 
than the reduction of the number in the 
allantoic fluid during this period. 


A comparison of the pathogenicity of 
the bacteria from tryptose-soytone agar 
and from the synthetic medium of Gil- 
fillan® showed no marked differences. In 
general, the rate of growth within the egg 
was somewhat greater with cells from the 
complete medium than with cells from the 
synthetic medium. However, the reduction 
phase was less with cells from the syn- 
thetic medium than with those from the 
complete medium. The fluctuation in num- 
ber of bacteria occurred at a later hour 
after infection when from the syn- 
thetic medium were used (graph 4 


cells 


It was observed that a single cell of 
S. pullorum could infect the developing 
chicken embryo after intra-allantoic inocu- 
lation. That such an inoculum is capable 
of inducing a lethal infection in the em- 
bryo is probably attributable to the nutri- 
tive quality of the allantoic fluid. Weil 
and Volentino * found that an inoculum 
of similar size was capable of causing in- 
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Graph 2—Bacterial counts prepared from allan- 
toic fluid at 12-hour intervals. 
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Graph 3—Bacterial counts of the allantoic fluid 
and homogenized embryonic tissue. 


fection by inoculation of the chorioallan- 


toic membrane with Shigella flexneri. More 
recently, Deverell and Kakavas,* in a study 
of the infectivity of Brucella abortus after 
yolk sae injection, reported similar results. 

In his review of the development and 
function of the membranes associated with 
the embryo, Romanoff ?° listed some of the 
nitrogenous compounds found in the allan- 
toic fluid, 7.e., amino acids and purine 
bases. The allantoic sac is the repository 
for the nitrogenous wastes of the embry- 
onic kidneys, as well as being the respira- 
tory organ of the embryo. 

That the growth response of the organ- 
ism is logarithmic upon intra-allantoic in- 
oculation would indicate that this fluid is 
more closely related to the in vitro than 
the in vivo system. A similar observation 
has been made by Gay and Damon® in 
experiments with Br. abortus being intro- 
duced into the yolk sac. 

Some explanations which may account 
for the reductions of the number of cells 
in the allantoic fluid are: (1) the use of a 
new culture unit at each plating, (2) oe- 
currence of the phenomenon known as di- 
auxie, (3) adaptation by the organism to 
some physical change, and (4) the organ- 
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isms gaining entrance into the blood stream 
and thence into the embryo. 

As the fluctuations were of a constant 
nature over many observations, though 
varying in the time of occurrence, it is 
assumed that this is not an error caused by 
the necessity of using independent cultural 
units at each time interval for determina- 
tion of the growth response. 

Diauxie could explain the 
however, in the data presented by Monod,’ 
there were no decreases experienced prior 
to further growth. The time interval is 
too short for autolysis to have begun and 
subsequently discontinued. If growth of 
the organism did cause an alteration in the 
physical state of the allantoic fluid, growth 
would only be halted until the host cor- 
rected the condition or the parasite 
adapted to it. 


decrease: 


From the experimental data presented, 
it seems logical to assume that the organ- 
isms disappearing from the allantoic fluid 
are, in all probability, being transported 
to the embryo. No gross pathological 
changes were observed in the embryo, 
whether viable or dead, though the organ- 
ism was isolated from it, an observation 
which is in agreement with the findings of 
Beaudette et al. 
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Graph 4—A comparison of the infective abilities 

of organisms propagated in the complete and the 
synthetic mediums. 
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The observations of others*® and 
those reported here show that bacteria, 
upon gaining access to the various fluids 
of the developing chicken embryo, will 
multiply rapidly. Mundt and Tugwell *® 
have shown that various members of the 
genus Salmonella may be found in the 
matrix of the shells but not the contents 
of eggs laid by artificially infected hens. 
Stokes et al.'* have shown that Salmonella 
will penetrate the shells of eggs, but not 
the shell membrane, upon exposure; how- 
ever, these organisms rapidly establish 
themselves in the egg content after a few 
days’ incubation at 29 C. In view of these 
findings, and the incubation of hatching 
eggs near the optimum growth tempera- 
ture of the pathogen, it is possible to as- 
sume that many chicks may die during the 
incubation period or hatch as carriers of 
various nonfulminating diseases. 


SUMMARY 


The minimum lethal dose of Salmonella 
pullorum for embryonating eggs was found 
to be as little as one organism upon intra- 
allantoic inoculation. 

It was further established that the 
growth rate for 8. pullorum in the allan- 
toic fluid was exponential, the maximum 
approaching 106° organisms per gram of 
allantoic fluid. Some fluctuation in the 
number of bacteria in the allantoic fluid 
was encountered at 12 to 18 hours post- 
inoculation. At the same time, the bac- 
terial population in the embryo increased 
at a rapid rate. 

Little difference was observed in the 
pathogenicity of bacterial cells from the 
synthetic and complete mediums. 


GrowTH RESPONSE OF SALMONELLA PULLORUM 


These observations indicate the impor- 
tance of using clean eggs in hatcheries. 
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Antigenic Differences Among Isolates of Avian 
Infectious Bronchitis Virus 


M. S. HOFSTAD, D.V.M., Ph.D. 


Ames, lowa 


PREvioUS studies * suggested possible anti- 
genic differences between an embryo-pas- 
saged strain of infectious bronchitis virus 
(1Bv), used for immunizing purposes, and 
a challenge strain. Unpublished data on 
challenge of field-vaccinated flocks, using 
an experimental commercial vaccine, also 
gave evidence that either the vaccine strain 
used was not immunogenic or there was a 
difference in antigenic compositicn between 
it and the challenge strain. Jungherr et 
al.4 recently reported that one isolate of 
IBV was immunologically distinct from two 
other strains of virus studied. 

The purpose of this investigation was to 
compare isolates of IBV by reciprocal se- 
rum-neutralization (SN) tests, in an at- 
tempt to demonstrate antigenic differences. 


METHODS AND MATERIALS 


Immune serum, against each isolate of IBv, was 
obtained following inoculation of \either chickens 
or turkeys. Rabbits and pigeons were found to be 
unsatisfactory for the production of Isv-neutral- 
izing antiserum. Three antiserums (76, 314, and 
619) were produced in turkeys by four intravenous 
inoculations of 10 to 12 ml. of infective allantoic 
fluid at biweekly intervals. 
taken from the turkeys two weeks after the last 
inoculation. Four antiserums (33, 97, 104, and 
581) produced in turkeys by intra- 
venous injections of approximately 4 ml. at three 
to four-day Following a ten-day 
7 to 8 mi. were given intravenously. Serum 
ples were taken four days later. Nine antiserums 
(97, 104, 132, 346, 433, 609, 630, 661, and A5968 
were produced in chickens by 
followed by an intramuscular injection of 5 to 
10 ml. of infective fluid four 
weeks after the aerosol exposure. Serum samples 
were taken approximately 

The antiserums for 
inactivated at 56C. for 30 minutes and stored at 

25C. The number of embryo serial passages 
for each isolate at the time antiserum pre- 
pared was as follows: antiserum 33 (44 passages), 
76 (11 (6 and 73 passages), 104 
(4 and 71 passages), 132 (15 passages), 314 (7 


Serum samples were 


were seven 


intervals. rest, 


sam- 


aerosol exposure, 


allantoic two to 


ten days later. 


pooled each isolate were 


was 
passages), 97 


From the Veterinary Medical Research Institute, lowa 
State College, Ames. 

The author acknowledges the 
Mrs. Mary Vilmont. 


technical assistance of 


pasages), 346 (10 passages), 435 (12 passages 


581 (2 passages), 619 (10 passages), 630 (3 pas 


sages), 609 (3 passages), 661 (9 passages), and 
A5968 (6 passages 

The 104 
that prepared 
Attempts to produce an antiserum for strain 20, 


the embryo-adapted IBv, were unsuccessful. 


antiserum, used in the SN tests, was 


against the high passage virus. 


The method of conducting the SN test was essen 
tially that described by Cunningham,’ except that 
a 1:10 dilution of bronchitis-negative serum was 
mixed in equal parts with the four highest dilu- 
tions of virus in determining the end point of 
embryo infectivity. A dose of 0.1 ml. per embryo 
into the allantoic sae. A 1.10 di 
lution of each antiserum was also used to obtain 
the neutralization end The final neutrali 
zation index was corrected for the 1:10 dilution 
factor of the The SN test was not con 
sidered satisfactory 


was inoculated 


point. 


serum, 
until the virus embryo infee 
tive dose (e.i.d.so) was at least 20 10° per milli 
11 days old) were usually 
inoculated within one half to after 
setting up the tests. Tests were refrigerated if the 
intervened. The 
were candled once daily for eight days, and were 
then examined for evidence of Isv infection, i.¢., 
stunting or urates in the mesonephros. 


liter. Embryos (10 o1 


two hours 


noon hour inoculated embryos 


The sources of most of the isolates of IBV used 
paper.” Isolate A-5968 
was received from the University of Connecticut. 
Isolate 20 is the egg-adapted 
known as the Beaudette strain. 


are given in a previous 


strain commonly 


RESULTS 

The results of reciprocal sn tests, using 
14 isolates and their antiserums, will be 
described following the results of four 
preliminary experiments. 

Preliminary reciprocal sn tests between 
isolates 33, 104, and 581 and their respec- 
tive antiserums (table 1) revealed isolates 
104 and 581 to be antigenically similar. 
Isolate 33 was not neutralized to a high 
degree by either 104 or 581 antiserums and, 
likewise, 33 antiserum neutralized isolates 
104 and 581 less completely than it neu- 
tralized the homologous virus. 

In another experiment with these three 
isolates, involving bird inoculation fol- 
lowed by sn tests and challenge (table 2), 
the previous results were substantiated. 
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One group of 12 chickens, 3 months old, 
was inoculated by aerosol with isolate 33 
(55th embryo passage) and another similar 
group with 104 (84th embryo passage). 
One month after inoculation, 4 birds from 
each group were removed for blood sam- 
pling and challenge. The birds were ap- 
parently immune, as indicated by challenge 
to 581 by natural contact exposure.” How- 
ever, when reciprocal SN tests were carried 
out, considerable difference was noted. The 
remaining 8 birds in each group were given 
a 5-ml. dose, intramuscularly, of the same 
virus material they received initially. One 
month after this injection, blood samples 
were taken and they were challenged by 
exposure of isolate 581. The 
birds hyperimmunized to 33 virus had a 
neutralizing index of 5.9 to the homologous 


an aerosol 


TABLE 1i—Reciprocal Serum Neutralization with 
Three Isolates of Avian Infectious Bronchitis 
Virus 

Antiserums 
Virus 33 104 
6.4 
104 4.6 
581 


* Mean neutralizing index 


virus but an index of 3.7 to 104 virus. Of 
the 8 birds, 6 had rales following aerosol 
challenge. The 7 birds (1 had died) hyper- 
immune to 104 virus, however, had a neu- 
tralizing index of 5.0 to 33 virus and an 
index of 5.9 to the homologous virus. Fol- 
lowing challenge, only 1 of the 7 chickens 
had rales for two days. 

In a third set of experiments, sN tests 
were carried out using approximately 50 
isolates of avian bronchitis virus against 
33 and 104 antiserums A portion of the 
results of these SN tests are given to illus- 
trate the variation in neutralizing indexes 
(table 3). Some of the isolates were found 
to be neutralized to a higher titer by 104 
than by 33 antiserum, and the reverse was 
true of other isolates. Isolates 97 and 609 
were not neutralized by either antiserum. 

A fourth experiment involved the sn 
testing and challenge of a group of 20 
cockerels, 6 weeks old, previously inocu- 
lated by aerosol with isolate 97. Two 
months after inoculation, serum samples 
were taken from some of the birds and the 
birds were then challenged. One half the 
group was challenged by aerosol with the 
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TABLE 2—Reciprocal Serum Neutralization and 
Challenge of Chickens Inoculated with IBV Iso- 
lates 33 and 104 


SN tests Challenge 


No. chickens bled Virus Virus Virus 
and challenged 33 104 581 


(33-recovered ) 4.5 
(104-recovered ) 2.6 
(33-hyperimmune 

104-hyperimmune ) 5.0 


Mean 
none had 


».9 


neutralizing index; f natural exposure—0O/4 
riles after challenge; 


rales after challenge. 


means * aerosol expo 


sure—6/8 means 6 had 
homologous isolate 97, and the other half 
was challenged with isolate 581. The birds 
were resistant to 97, but all had rales fol- 
lowing challenge with isolate 581. Serum 
neutralization tests revealed a mean neu- 
tralizing index of 2.0 against isolate 33 and 
an index of 6.2 against the homologous 
isolate 97 (table 4). 

In the principal experiment, reciprocal 
SN tests were carried out using 14 different 
isolates of rBv and their respective anti- 
serums. An additional isolate was tested 
against the 14 antiserums. The results of 
the SN tests are presented (table 5). Each 


value given is the mean neutralizing index 


of two to six tests. Generally, the tests 
agreed within one log for a particular com- 
bination of isolate and serum; however, 
occasionally there was a difference as great 
as two logs and it was necessary to run 
additional tests. 

The neutralizing index obtained using 
the homologous antiserum was 6.0 or over 
for 11 of the 14 isolates tested. The other 
three gave an index slightly less than 6.0. 
Three isolates (97, 609, and A5968) were 
apparently not neutralized by the other 
antiserums, and it appears that these are 
antigenically distinct. Likewise, anti- 


TABLE 3—Serum Neutralization Using Infectious 
Bronchitis Virus Isolates Against Antiserums 33 
and 104 
Antiserums 

isolate 
76 


283 


1.0 
3.0 
1.0 


* Mean neutralizing index. 


4 1.5 0/4 
4 4.0 0/4 
- 9 1/7 
3.2 5.7 
346 6.0 
362 4 6.3 
463 3 6.0 
4 7.0 
630 6 .3 
431 5 3.3 
65 5.0 
97 1.0 
686 i 25 
609 1.0 
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TABLE 4—Serum Neutralization and Challenge of 
Chickens Recovered from an Infection of Isolate 
97 


No. chickens 
recovered from 
infection due 
to isolate 97 


Challenge 
viruses 


Viruses used for 
SN tests 


33 


97 
9 
y 3.0 ** 6.2 


¥ 
+ all 9 had rales after challenge; 
of individual serums. 


* Aerosol exposure; 
*“mean neutralizing index 


six 
serums 97, 609, and A5968 neutralized the 
homologous isolate only. 

The 12 remaining isolates appear to be 
antigenically related, although there 
considerable variation in the neutralizing 
indexes. The results do not permit any 
definite grouping of these isolates. Anti- 
serums 630 and 661 neutralized 11 of the 
12 isolates by an index of 5.0 or more. 
Antiserum 346 failed to neutralize any of 
the isolates by an index of 5.0, other than 
the homologous virus. Isolate 20, while 
not being neutralized to as high an index 
as the homologous virus, was neutralized 
by nine of the 11 antiserums, with a neu- 
tralizing index of 5.0 or more, the other 
indexes being 4.8 and 4.3. Isolate 76 was 
neutralized by six of the antiserums other 
than the homologous, with an index of 5.0 
or more. 

As indicated in the procedure, two anti- 
serums were prepared for each of isolates 
97 and 104, one from virus at low passage 
and the other from virus at high embryo 
passage. Both antiserums prepared with 
isolate 97 appeared to be identical in neu- 
tralization tests; however, the two anti- 
serums prepared with isolate 104 were 
slightly different (table 6). Isolate 104, in 


is 


TABLE 5—Reciprocal Serum-Neutralization Tests Using 14 
Also Neutralization 


Bronchitis Virus and Their Antiserums; 


M. Horstrap 
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high embryo passage, was neutralized by 
both antiserums to neutralizing indexes of 
6.8 and 6.9. In low embryo passage, isolate 
104 was neutralized to a lesser degree by 
serum prepared against the high passage 
virus (index 5.5) than by the serum 
against the low material (index 
6.7). 


passage 


DISCUSSION 

The results indicate that antigenie vari- 
ation exists among isolates of IBV, as de- 
tected by reciprocal sn tests. Three iso- 
lates appear to be immunologically distinct. 
This might cause some concern in classify- 
ing these isolates as rpv. It is assumed, for 
the present, that isolates 97 and A-5968 
are strains of avian bronchitis virus. These 
isolates produce the typical respiratory 
disease lasting from 11 to 14 days in 1- 
week-old chicks. The reaction in the em- 
bryonating chicken egg is identical with 
that produced by other isolates of rpv. Iso- 
late 97, after 70 embryo passages, is still 
capable of producing infection in chickens 
by aerosol exposure. This persistence of 
pathogenicity for chickens of embryo-pas- 
saged material is typical of other bronchitis 
isolates. In heat-stability tests, isolate 97 
fell within the stability range of other 
bronchitis isolates.* 

Isolate 609 requires further study for its 
identification. This virus readily loses its 
pathogenicity for chickens after a few (less 
than 10) embryo passages and the disease 
in chickens is of shorter duration (5 to 7 
days) than that produced by regular bron- 
chitis isolates following a uniform aerosol 
exposure. The reaction in the embryonat- 
ing egg following inoculation with 609 


Isolates of Avian Infectious 
Tests Using One Additional 


Isolate (20) 


Virus 


* 


33 
630 
132 
314 
619 
104 
581 
346 

76 
661 
433 

97 
609 

A5968 


20 


te 


ROR AD 


- 


ole 


Mean neutralizing index 


Antiserums 


581 


ww 


346 


a 


609 A5968 


eo 


ta bo & te 


3 
3 
3 
9 
9 


Go én 


YF 
33 630 132 314 619 104 7a 661 433 97 

1.3 4 2 a 5.4 4.2 1.4 1.0 
3.2 1 1 [: 6.1 5.4 1.7 1.5 
$1 6 7 5.7 4.2 1 2.2 
3.4 2 1 4 6.4 4.2 1.0 2.0 
3.4 9 6 4 6.5 4.8 2.0 0.0 
6.2 6 =.6 4 5.7 4.5 0.6 1.4 
5.6 1 3.1 4 5.8 3.8 1.5 1.5 
6.0 5.6 4 4.5 3.7 1.4 
6.3 5 3.6 6.0 5.0 3.8 2.0 1.3 
8.5 3.7 $1 5.3 5.9 5.0 0.0 0.9 
3.5 3.9 3.7 5.0 7.1 6.9 1.5 2.0 

0 0.7 0.6 0.8 0.7 1.4 0.0 6.2 0.0 0 

0 0.0 2.0 By 1.5 1.7 1.5 2.5 6.0 1 

1 1.5 1.5 1.3 2.0 3.5 1.8 1.7 1.4 7 

= 5 5.7 5.0 4.3 5.4 5.3 6.0 1.6 0.0 0 
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TABLE 6—Reciprocal Serum-Neutralization Tests 
Using One Isolate in Both Low and High Embryo 
Passage and Their Corresponding Antiserums 

Antiserums 


Virus 104 (low) 104 (high) 


104 (low) 6.8 5.5 
104 (high) 6.9 6.7 


Mean neutralizing index 


virus, however, closely resembles a bron- 
chitis isolate in low embryo passage. In 
heat-stability 609 virus was de- 
stroyed within two minutes at 56 C., indi- 
cating greater susceptibility to heat than 
other bronchitis isolates. 

The finding of some difference in anti- 
serum prepared with isolate 104 in low 
passage and an antiserum prepared with 
the same isolate after it had undergone 73 
embryo passages requires further study. 
With isolate 97, the two antiserums pre- 
pared were the same and the antiserum 
prepared against isolate 33, which had 
undergone 44 embryo passages, was capable 
of neutralizing a low passage virus as well 
as higher (184 passages) passage virus. 

Isolate 20, the original Beaudette strain 
of IBV, appears to be a suitable virus for 
the sn test in diagnosing past infection, 
although the neutralizing index did not 
equal the index obtained with homologous 
virus and antiserum. It has been difficult 
to maintain a high titer with the Beaudette 
strain when handled in the same manner as 
other bronchitis isolates. To maintain a 
satisfactory titer (20 X 10® e.i.d.59/ml. or 
greater) it appeared necessary to passage 
the virus just prior to using it in the sn 


tests,* 


INFECTIOUS BRONCHITIS VIRUS 


Journal of Veterinary Research (p. 492 


743 


test. In using the Beaudette strain, allan- 
toic fluid was harvested from embryos 30 
hours after inoculation. For the other bron- 
chitis isolates, allantoic fluid was harvested 
on the second day, or about 42 hours after 
inoculation with 10* e.i.d.5,5 of virus, and 
used the same day in the sn tests. This 
resulted in a satisfactory titer in most 
instances. 
SUMMARY 


{solates (14) of avian infectious bron- 
chitis virus (IBV) were studied by recip- 
rocal serum-neutralization (SN) 
an attempt to demonstrate antigenic dif- 
ferences. An additional rpv isolate was 
tested against 14 prepared antiserums. 
Three isolates were found to be immuno- 
logically distinct; two of these were con- 
sidered strains of avian 1Bv because of their 
similarity to other isolates in pathogenicity 
for chickens and embryonating chicken 
eggs. One isolate requires further study 
for its classification. The others were found 
to be antigenically related, but there was 
considerable variation in the neutralizing 
indexes. 


tests, in 
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Immunological 


Correction—Experimental Treatment of 
Infectious Sinusitis in Turkeys 


In the article, ‘‘ Experimental Treatment of 
Infectious Sinusitis in Turkeys with Nitrofurans 
Antibioties,’’ by W. J. M. S. 


Cover, in the April, 1958, issue of the American 


and Jenton and 
, the sen 


the control of aerosacculitis, groups treated with 


tence preceding ‘‘ Discussion’’ should read 


nitrofurantoin in 
amount of 
italicized 


furazolidone suspension and 


the 
The 


mineral oil showed least 
logical 


omitted, in error. 


patho 


change.’’ words were 


Additional Studies on the Relationship of Mycotoxicoses 
to the Poultry Hemorrhagic Syndrome 


J. FORGACS, Ph.D.; H. KOCH; W. T. CARLL, D.V.M.; 
R. H. WHITE-STEVENS, Ph.D. 


Pearl River, New 


ACCORDING TO various reports in the litera- 
ture, the poultry hemorrhagic syndrome, 
as observed in the field, has a wide range 
of clinieal characteristics and an indefinite 
cause. Although various factors have been 
suggested as possible causes, the role of 
mycotoxicoses has received only limited 
study. Virtually all feeds and litter are 
contaminated with fungi, some of which, 
under proper conditions of moisture and 
temperature, may secrete toxic substances. 
In addition, many of the clinical signs and 
both and microscopic pathological 
changes in the syndrome resemble those 
observed in mycotoxicoses in large ani- 
mals 1! and in man.® Therefore, it is 
surprising that the role of toxic fungi has 
not been investigated until recently. 


Carll 


isolated various fungi from feed 


In preliminary Forgaes and 
stated that they 
litter in 
poultry hemorrhagie syndrome was enzootic. 
of these fungi, mixture of 
grain grain and 
quently dried, ground, and fed to 1-day-old chicks, 
caused depression, diarrhea, anorexia, and death. 


report, 


seattered in broiler houses where the 
Some 
when cultured on a 


whole corn and seratech subse 


Gross necropsy findings included hemorrhages and 
congestion of the subeutaneous tissue, the muscu 
lature of the legs, thighs, and breasts, the lungs, 
heart, and gastrointestinal traet, and hemorrhages 
and paleness of the liver and kidneys. Feed on 
which a species of Alternaria had been cultured 


produced essentially the same clinical and 


changes when fed to 6-week-old chicks. In addi 


gross 


examination revealed necrosis, 
fatty infiltration of the 
as well as necrosis of the tubules and round eell 
infiltration in the kidneys, hyalinization of the 


spleen, and diminution in formation of blood ele 


tion, microscopic 


vacuolation, and liver, 


ments of the bone marrow. 

In a subsequent report,’ these authors described 
generally similar findings in chicks, 23 days old, 
that had been fed the same type of substrates on 


From the Experimental Therapeutics Research Section 
(Forgacs and Koch) and the Nutrition and Physiology 
Research Section (White-Stevens), American 
Co., Pearl River, N.Y Dr. Carll’s present 
Hopkins Road, Columbia, 8. Car. 

Presented before the Section on Poultry, Ninety-Fourth 
Annual Meeting, American Veterinary Medical Associa 
tion, Cleveland, Ohio, Aug. 19-22, 1957 


Cyanamid 
address is 


York 


which other fungi had been cultured. These fungi 


also had been isolated from broiler houses where 
the syndrome was enzootic. 

Since the toxicosis in the preceding 
studies could have been aggravated partly 
by malnutrition, studies were undertaken 
to determine whether supplementing the 
fungal substrates with a protein-mineral- 
vitamin mixture would alter the syndrome 
in chicks. The influence of chlortetracy- 
cline on the toxicosis in chicks consuming 
the toxic grain also was determined, since 
it has been suggested that the presence of 
various antibiotics in the rations of broil- 
ers may alter the intestinal microflora and 
thereby depress the synthesis of vitamin 
K, with subsequent hemorrhages. Finally, 
a study was made to determine whether 
toxic fungi, when inoculated into moist 
broiler mash maintained under laboratory 
conditions and into dry mash fed to chicks 
maintained under simulated field condi- 
tions, would produce substances toxic to 
chicks. In the latter case, the influence of 
chlortetracycline also was determined, as 
indicated by clinical and gross necropsy 
findings. 


MATERIALS AND METHODS 


Influence of 
ment and Chlortetracycline in 


Protein-Mineral-Vitamin Supple 
Toric Fungal Sub 
strates.—A part of one lot of a mixture of sterile 
which a 
eultured 
1 strain of Penicillium pur 


whole grain corn and scratch 
strain of Penicillium 


and another on which : 


grain on 
rubrum had been 
purogenum had been cultured were dried, ground, 
and each substrate divided into two portions and 
treated (table 1) 
30 per cent of a 
ment (table 2) and the second with the supplement 
and 100 p.p.m. of chlortetracycline. For 


One portion was fortified with 
protein-mineral-vitamin supple 
control 
sterlie, 
whole 
with 30 per cent of the 


purposes, one portion of a mixture of 


ground, noninoculated seratch grain and 
grain corn was fortified 
supplement, and another portion was fortified with 
p.p.m. of the antibiotic. 
of delet 


ing the supplement and antibiotic, the following 


the supplement and 100 


To determine the influence on toxicity 


substrates also were fed: 70 per cert P. rubrum 


substrate and 30 per cent sterile grain, 100 per 
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cent P. rubrum substrate, 70 per cent P. pur- 
purogenum substrate and 30 per cent sterile grain, 
and 100 per cent sterile grain. A 100 per cent 
P. purpurogenum treatment 
eause of lack of sufficient fungal substrate. 

New Hampshire Red-Barred Plymouth Rock 
eross chicks, 1 day old, maintained in batteries, 
libitum. Ten chicks, 5 
The 
same breed was used in all experiments. The chicks 
daily for 


was not included be 


were fed these rations ad 


of each sex, were used for each treatment. 


were observed signs of toxicosis and 
Chicks which died dur 
ing the course of the experiment were examined 
Those 


decapitated 


were weighed periodically. 


for gross lesions at necropsy. which sur 


vived for 12 weeks were and also 
for lesions. 
(table 1 body 
of chicks fed the various rations 
The influence of supplement with 
chlortetracycline in the P. rubrum 
(fig. 1 
incubation Time on Production of 


Broiler Mash Under Labora 
kilograms of dry, non 


examined 
The 
weights (table 3 


mortality and average 
are presented. 
without 
substrate on size of chicks is shown 
In flue nee of 


Toxic Substances in 


and 


tory Conditions.—Eight 


sterile broiler mash containing no antibiotie o1 
coecidiostat and having an initial moisture content 
of 12.4 per cent was inoculated with 40 ml. of an 
aqueous suspension containing a mixture of shaken 
cultures of toxie fungi. Fungi used were one strain 
each of Aspergillus clavatus, Aspergillus flavus, P. 
P. rubrum, varioti, 


purpurogenum, Paecilomyces 


and a species of Alternaria. The fungi were iso 
lated feed litter 


broiler houses where the poultry hemorrhagic syn 


from seattered in colleeted in 


drome was enzootic. 
Enough tap water was added to the inoculated 


mash to bring the moisture content to approxi 


mately 22 per cent. Moisture determinations were 


made by a moisture detector,* which previously 


had 


moisture, 


been calibrated to read the percentages of 


using broiler mash samples of known 


moisture content. The moist, inoculated mash was 
premixed by hand, rubbed through a 44-inch mesh 
steel 
eally for five minutes in a mixer.? 
divided into 


stainless sieve and, finally, mixed mechani 


After mixing, 
the sample was four lots of 2 kg. 
each. 

To simulate field conditions where feed may be 
layers in litter, the lots of 


a depth 


scattered into shallow 


feed were put in stainless steel trays, to 


of approximately 2 inches, and incubated at ordi 


nary room temperatures. To prevent excessive 
evaporation of moisture, the feed in the trays was 
covered with several layers of moist paper towel 
ing, and the tops of the trays covered with paper. 
In addition, the paper 
lightly when the feed 
daily for fungal proliferation. 


On the sixth, twelfth, eighteenth, and 


toweling was dampened 


samples were examined 


twenty 
fourth days, a tray of feed was dried and fed to 

Moisture 
the Delmhorst 


+ Manufactured by the 
Ohio 


Detector Model RC3 is manufactured by 
Instrument Co Boonton, N.J 
Hobart Manufacturing Co 


Troy, 


PouuttTRY HEMORRHAGIC SYNDROME 


four groups of 1-day-old chicks, with 3 each 
The chicks were observed for 


When feed 
one group, surviving chicks were decapi 


sex in each group. 


signs of toxicosis. became exhausted 
in any 
Feed became exhausted in the 
days, in the second at 28 days, 
and in the fourth at 30 days. Chicks in the third 


from the 


tated for necropsy. 
first group at 37 
group accidentally battery on 


day $1, 


escaped 
were discarded. 
In order rapid method for 
paring groups 
of chicks, severity of lesions observed in 12 organs, 
condition, for chicks that 
for 24 days, 


‘* hemorrhagic 


and 
to establish a com 


necropsy findings in the various 


as well as body 


sumed the mash ineubated wert 


assigned an arbitrary sydrome’’ 
tuble 4). A 
of 0. 


a seore of 1 


score normal organ was assigned a 
Where lesious were typical but slight, 
Thes 
focal 
slight 
liver, 


value 


was assigned for the organ. 


included such lesions as slight erosion or 


gizzard; 
congestion of the 


necrosis in the proventriculus or 


hemorrhage or lungs, 


heart, kidneys, spleen, musculature of the legs, 


thighs, or breast; slight enlargement of the liver, 


spleen, or kidneys; or slight manifestation of 


necrotic foci in the intestine. Moderate lesions in 


the organs were assigned a seore of 2 and pro 


nounced lesions a score of 3. Body condition was 


assigned a score of 1 if good, if poor, and 3 if 
The total score for all chicks divided 


number of chicks examined 


emaciated. 


by the was recorded 
as the nearest whole number. 

Preliminary Atte mpts to Produce Poultry Hem 
Under Simulated Field 
100 chicks, 1 day old, 


building which had been 


orrhagic Syndrome Con 


ditions. A group of 


was 


placed in a never used 


for maintenanee of animals. 


allowed per bird. 


One square foot was 
The chicks were maintained on 
fresh litter of wood shavings and had free access 
neither 


to water and dry broiler mash containing 


antibiotic nor coccidiostat, but inoculated with a 


0.5 per cent mixture of dry fungal substrate (the 
same fungi 
The litter 
eally for 


used in the 
was examined 
fungal chicks were 
examined daily and those 
which died, as well as those decapitated at the 
end of the study (8 weeks), 
lesions of the hemorrhagic syndrome. 

Additional Efforts to Produce Poultry Hemor 
Under Simulated Field 
Essentially the same procedure as outlined 


preceding experiment 
and 


The 


toxicosis 


grossly microscopi 
proliferation. 
for signs of 


were examined for 


rhagic Syndrome Condi 
tions, 
in the preeeding section was used in this study. 
Before the experiment, the old litter was removed, 
fresh litter of 
wood shavings added. In addition, a prophylactic 
nitrophenide (Megasul* added to 
the broiler mash and chicks were dusted at three 
and 21 days with mixed Neweastle disease-infee 
tious bronchitis vaecine. 
Feed litter 
cally for fungal proliferation. 
Ether extracts of feed 


the building decontaminated, and 


dose of was 


scattered in was examined periodi 


seattered in litter were 
Megasul is produced by the 
Pearl River, N.Y 


American Cyanamid Co., 
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Graph 1—Poultry hemorrhagic syndrome under 


simulated field conditions. 


tested for dermal toxicity on a shaved area of the 
backs of rabbits, using 
Carll et al? 

Chicks were examined daily for signs of 
At 3.5 


intervals 


a procedure described by 


myco 


toxicosis. weeks and at approximately 


fifth to the twelfth 


weeks, 6 chicks (3 of each sex) 


weekly from the 
selected at random 
were decapitated for necropsy. Data on growth of 
feed 


signs, gross necropsy 


fungi in seattered in litter and on clinical 


findings (as average hemor 
dermal toxicity of 


syndrome score), and 


feed 


rhagie 
ether extracts of shown 
(graph 1). 


Preliminary 


eolleeted, are 


Studies to Determine Effect of 
Chlorte tracycline on Poultry Hemorrhagic 
Under Simulated Field 


lots of normal broiler mash containing 


Syn 


drome Conditions.—Two 
a prophy 
with 


which in 


lactic dose of nitrophenide were inoculated 


0.25 per toxic fungal substrates 


used in the 


cent 
cluded the fungi 


ments, as well as a 


preceding experi 


toxie strain of Penicillium 


— Hemorrhagic 
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Graph 2—Effect of chlortetracycline in fungal 
rations on the poultry hemorrhagic syndrome 
under simulated field conditions. 
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citrinum. To one lot, 200 p.p.m. of ehlortetra 
eyeline was added; the other lot served as a con 
trol. to 50 chicks, 25 of each 
6 days old. 
litter of 


the preceding study, which had 


Each was fed sex, 


fresh 
used in 


The chicks were maintained on 


wood shavings in the building 


been partitioned 
decontaminated. Chicks 


Neweastle 


previously and thoroughly 
dusted with 
bronchitis 
again when 21 
examined weekly 


were mixed disease-infee 


tious vaccine when 3 days old and 
Feed in the litter 
for fungal proliferation. Chicks 
daily for 
were weighed at weekly intervals. From the fourth 
through the tenth t (2 of 
selected at random from each group and deeapi 
tated for 


Data on 


days old. was 


were observed signs of toxicosis and 


week, each sex), were 
necropsy. 

feed 
litter and the degree of hemorrhagie syndrome in 
weights of the 


fungal growth in seattered in 
chicks are shown (graph 2 
(table 5 


Body 


chicks are shown 


RESULTS 


Influence of Protein-Mineral-Vitamin 
Supplement and Chortetracycline in Toxic 
Fungal Substrates—Clinical Observations. 
—Six days after the beginning of the ex- 
periment, the chicks in groups (1 to 4) 
consuming the two fungal substrates forti- 
fied with protein-mineral-vitamin supple- 
ment, alone or in combination with echlor- 
tetracycline, showed slight depression and 
bloody stools. 

These conditions persisted until day 13 
in chicks (groups 3, 4) that consumed the 
fortified P. purpurogenum rations; there- 
after, the chicks appeared grossly normal. 

Chicks (group 1) that consumed the 
P. rubrum substrate fortified with the sup- 
plement and antibiotic, and which showed 
slight depression and bloody stools on day 
6, also showed moderate depression and 
slight anorexia on about day 13. These 
conditions persisted until day 31, when 
the chicks improved and subsequently re 
turned to normal. 


Chicks (group 2) that consumed the P. 


rubrum substrate fortified only with the 
protein-mineral-vitamin ration, and which 
also showed slight depression and bloody 
stools on day 6, also developed pronounced 
depression, anorexia, and cachexia until 
about day 31; by day 41 they were clini 
cally normal. 

Chicks (groups 5, 6) that consumed the 
sterile grain fortified rations, with or with- 
out antibiotic, appeared normal through- 
out the experiment. 

Depression, anorexia, and cachexia were 
observed on day 7 of the experiment among 
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TABLE i—Mortality Among Chicks Fed Rations Containing Fungal Substrates 


Group Total Av. day 
No Rationt No. deaths on days indicated** dead of deatht 


1* Penicillium rubrum 70-30B 22(1) 37(1) 60(1)§ ; as 3 
2 P. rubrum 70-30A 9(1) 13(1) 2 
3 Penicillium purpurogenum 

70-30B 12(1) 67(1 

P. purpurogenum 70-30A 

Sterile grain 70-30B 

Sterile grain 70-30A 53(1)§ be 
P. rubrum 70-30 10(1) 11(1) 12(1) 5(E 19(2) 33(1) 10 

P. rubrum 100 9(1) 10(1) 11(1) : § 16(2) 17(2) 10 

P. purpurogenum 70-30 15(1) 21(1) 25(1) 29(1) 30(1) 10 

Sterile grain 100 13(1) 23(1) 25(1) 27(5) i 34(1) 10 

* 10 chicks used in each group; ¢ 70-30B = 70 per cent fungal or sterile grain substrate and 30 per 
cent protein-mineral-vitamin supplement with chlortetracycline; 70-30A same without antibiotic; 70-30 = 
70 per cent fungal substrate and 30 per cent sterile ground grain; 100 = 100 per cent fungal substrate or 
sterile grain. 

** The figure in parentheses indicates the number of chicks dying on a particular day; t No. chicks 
dying on a given day multiplied by the respective day = total days of death; sum of values of the days of 
death of chicks in the respective group divided by total No. chicks that died in the group = average day of 
death. § Chicks were clinically normal the evening before death; death due to suffocation and not included 
im average day of death. Deaths due to causes other than mycotoxicosis 


chicks (groups 7 to 9) that consumed fun- The death which occurred in group 1 on 
gal substrates not fortified with supple- day 60 was due to suffocation. 
ments. These conditions progressively be- In the groups fed the fortified P. pur- 
came more intense and existed until death. purogenum substrates (groups 3, 4), 1 
Although chicks (group 10) that con- chick in group 3 died of mycotoxicosis on 
sumed the sterile grain alone remained day 12; another died from suffocation on 
small in size, there were no characteristic ay 67. In the group fed the P. rubrum 
signs of a mycotoxicosis. Necropsy of the 10-30 gee 0 
yer ce 0 ine CKS were deat on day 
10 chicks that died by day 34 showed no coms 
; 19; in the group fed the P. purpurogenum 
. 70-30 sterile grain ration (group 9), 20 
The P. rubrum substrates were more ; ° 
ie of per cent were dead by day 21. 
toxic than those of P. purpurogenum (table 
1). In the groups fed the fortified rations The additions of the protein-mineral- 
with or without the antibiotic (groups 1, Vitamin supplement resulted in a sup- 
2), 4 of 20 chicks in the groups fed the pressed toxicosis. With the addition of 
P. rubrum substrate died of mycotoxicosis. chlortetracycline, mortality due to myco- 


Fig. 1—Appearances of 
cockerels after consum- 
ing the following sub- 
strates for 67 days (left 
to right): 70 per cent 
Penicillium rubrum sub- 
strate and 30 per cent 
protein-mineral-vitamin 
supplement; same plus 
100 per cent chlortetra- 
cycline; and 70 per cent 
sterile grain, 30 per cent 
protein-mineral-vitamin 
supplement, and 100 
p-p.m. of chlortetracy- 
cline. 
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toxicosis was not altered, but the survival 
interval was increased in the groups fed 
the fortified P. rubrum ration (groups 1). 
However, chicks that consumed the forti- 
fied rations with the antibiotic gained more 
weight than those given the supplement 
alone (table 3, fig. 1); they did not gain 
as much as those that consumed the sterile 
fortified rations. 

Gross Necropsy Findings.—In 
that died in the groups that consumed the 
fungal substrates (groups 1 to 9) with or 
without supplement or antibiotic, hemor- 
rhages and congestion were found in the 
musculature of the breast, legs, and thighs, 
and in the lungs, liver, kidneys, spleen, 
small intestine, and eecum. Erosions, oc- 
casional necrotic areas, and free blood were 
observed in the proventriculus and gizzard. 
In chicks that died after approximately 
17 days of feeding, the bone marrow was 
The body condition of chicks that 


chicks 


pale, 


died in the groups fed the fortified rations 
(groups 1 to 4) was good, whereas those 


rations (groups 7 to 9 
(group 10) that 


alone were 


on nonfortified 
were emaciated. Chicks 
consumed the sterile grain 
emaciated: the bone marrow in some was 
pale. 

At necropsy of chicks decapitated at 12 


TABLE 2—Composition of Fortified Sterile Grain 
or Fungal Rations 


Amounts 


Ingredients 


Protein-mineral-vitamin supplement 
Soybean oil meal (44% protein) 189.00 

Fish meal (60% protein) 

Fortafeed 2-49C* 1.02 

Vitamin Bw supplement 

Dry vitamins A, D 

Folic acid (3%) 

Choline (25%) 

Menadione sodium bisulfite 
(0.63 Gm./Gm.) 

Dicaleium phosphate (26% 
calcium, 18% phosphorus) 

Delamix (minerals) 

Sodium chloride (iodized) 


72.00 


480.00 
14.10 

180.00 

600.00 


2.40 


2.40 
2.40 


0.24 


Thiamine hydrochloride 
Pyridoxine hydrochloride 
Biotin 

Sterile grain or fungal substrate 
50% ground yellow corn and 


50% ground scratch grain 700.00 


Total (Gm.) 1,.000.00744 


* Fortafeed 2-49C contains riboflavin (2 Gm./Ib), pan 
tothenie acid (4 Gm./lb.), niacin (9 Gm./Ib.), choline 
chloride (10 Gm./ib.), and folie acid (60 Gm./Ib.): 
+ contains no less than 10 mg. of vitamin Bie per pound; 

* vitamin A, 10,000 I.U./Gm., and vitamin Ds, 2,000 
1.U./Gm.; t Delamix contains 6.00% manganese, 0.12% 
iodine, 2.00% iron, 0.20% copper, 0.006% zinc, 0.020% 
00% calcium 
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cobalt, and 2 
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weeks, the following lesions were seen: In 
those (group 2) on the P. rubrum, protein- 
mineral-vitamin ration, there were profuse 
hemorrhages and congestion of the musecu- 
lature of the legs and thighs, scattered 
hemorrhages and congestion of the breast 
muscle, and paleness mixed with areas of 
congestion and hemorrhages of the liver. 
In chicks (group 1) on the P. rubrum, 
protein-mineral-vitamin, antibiotic ration, 
there were only a few areas of petechial 
hemorrhages and congestion of the leg and 
thigh muscles, occasional hemorrhage and 
congestion of the breast muscle, and pale- 
ness, congestion, and hemorrhages of the 
liver 

In chicks in the groups fed the fortified 
P. pui purogenum substrates (groups 3, 4 
with or without antibiotic, there were a 
few scattered petechial hemorrhages in the 
leg muscles. 
given sterile grain 
without antibiotic 


Chicks (groups 5, 6 
fortified rations with or 
appeared normal. 

Influence of Incubation Time on Produc- 
tion of Toxic Substances in Broiler Mash 
Under Laboratory the 
sixth day of incubation, microseopie fun- 
gal growth was observed in the inoculated 
moist feed, and both macroscopie and 
microscopic growth were observed in the 
remaining feed samples on days 12, 18, 
and 24. 

Six days after feeding began, chicks in 
all groups consuming the feed developed 
diarrhea, which was still evident when the 
animals were decapitated for necropsy 
One animal which consumed mash that had 
been incubated for 24 days died on the 
fourth day of the test, but postmortem 
autolysis prevented evaluation of tissues 
for evidence of mycotoxicosis. 

Using the arbitrary method of scoring, 
the following average values were ob- 
tained: six-day incubated feed, 19; 12-day 
incubated feed, 21; and the 24-day ineu- 
bated feed, 18. 

Preliminary Attempts to Produce Poul- 
try Hemorrhagic Syndrome Under Simu- 
lated Field Conditions—Eleven days after 
the experiment began, slight fungal growth 
was observed in feed scattered in litter 
near the watering devices; it was pro- 
nounced by day 14. Within 20 days, heavy 
fungal growth was observed in feed seat- 
tered in litter and in litter over the entire 
house. 

Slight to moderate depression and diar- 


Conditions.—On 


Gm./kg Mg. kg 
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rhea were observed in some chicks on day 
15 and became more pronounced by day 
30. These abnormalities were observed in 
approximately 50 per cent of the birds at 
the eighth week, when the experiment 
ended. 

The deaths of 2 chicks occurred on day 
35, and 2 died on the following day; a 
total of 9 were dead by day 51. 

Gross necropsy findings included scat- 
tered petechial hemorrhages and conges- 
tion of the musculature of the legs, thighs, 
and breast, congestion and hemorrhages of 
the lungs, liver, spleen, kidneys, small in- 
testine, and cecum, pronounced erosion of 
the gizzard, edema and areas of necrosis of 
the proventriculus, and slight paleness of 
the bone marrow. One clinically normal 
chick, which was decapitated for necropsy 
on day 49, plus 10 chicks (5 of each sex 
selected at random which were decapitated 
at the end of the experiment, all showed 
essentially the same lesions. The average 
hemorrhagic syndrome score for the latter 
group was 30. 

Additional Efforts to Produce Poultry 
Hemorrhagic Syndrome Under Simulated 
Field Conditions —On the tenth day, very 
slight fungal growth was visible in feed 
scattered in litter. Profuse fungal growth 
was observed by day 22, and it was still 
evident at the twelfth week. Chicks showed 
moderate depression and diarrhea at three 
weeks, pronounced at four and five weeks; 
thereafter the intensity of these abnor 
malities decreased, being absent at seven 
weeks. 

Chicks necropsied at 3.5 weeks showed 
an average hemorrhagic syndrome score of 
11; at the fifth week, a score of 18. The 
syndrome score decreased rapidly in birds 
killed at the remaining time intervals, up 
to eight weeks; at the twelfth week, the 
chicks were essentially normal, since the 
average score was less than 5. In some 
experiments not reported in this paper, 
chicks that consumed apparently normal 
broiler mash had an average hemorrhagic 
syndrome score of 4 at necropsy. 

Dermal toxicity for rabbits of ether ex- 
tracts of feed collected from litter at 3.5 
weeks was manifested by a slight erythema. 
Extracts from feed collected at five weeks 
produced a pronounced erythema and sub- 
sequent necrosis; extracts prepared at six 
weeks were nontoxic. 

Preliminary Studies to Determine Effect 
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of Chlortetracycline on Poultry Hemor- 
rhagic Syndrome Under Simulated Field 
Conditions.—Slight fungal growth was ob- 
served in feed scattered in litter in both 
the control and antibiotic lots at 3.5 weeks. 
Fungal proliferation was heavy at four 
weeks and remained so to the tenth week, 
when the study ended. 

During the course of the experiment, no 
chicks in either group showed diarrhea or 
depression, although those in the group 
that consumed the feed without added 
antibiotic showed paleness of the combs 
and wattles at four weeks but appedted 
normal at the fifth week. 

The hemorrhagic syndrome was evident 
at four weeks in chicks that consumed the 
nonantibiotie feed; the syndrome gradu- 
ally declined and was practically absent 
from weeks 7 to 10, since the average syn- 
drome scores were less than 5. As indi- 
cated in the results in the preceding sec- 
tion, it was observed in some experiments 
not reported here that chicks that con- 
sumed apparently normal broiler mash 
had an average hemorrhagic syndrome 
score of 4 at necropsy. Chicks that con- 
sumed the antibiotic feed remained essen- 
tially normal from the fourth through the 
tenth week. 

DIscUSSION 


In previous studies, Forgaes et al.5:* 
found that certain saprophytic fungi iso- 
lated from feed scattered in litter in broiler 


houses where poultry hemorrhagic syn- 
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drome was enzootic produced toxic sub- 
stances when cultured on sterile grain. 
Chicks that consumed the fungus-infected 
grain showed signs characteristic of the 
syndrome clinically and at necropsy. These 
studies have been confirmed using one 
strain each of P. rubrum and P. purpur- 
ogenum. Two groups of chicks that con- 
sumed sterile grain on which strains of 
P. rubrum and P. purpurogenum, respec- 
tively, had been cultured developed de- 
pression, anorexia, failed to gain body 
weight, and subsequently died. Necropsy 
findings included hemorrhages and conges- 
tion of various tissues and erosion of the 
proventriculus and gizzard; chicks that 
died after approximately the seventeenth 
day of feeding also showed paleness of the 
bone marrow. 

The substrate on rubrum 
had been cultured than 
the P. purpurogenum substrate, indicating 
that toxicity of a substrate may vary with 
the fungus used for inoculum. 


toxic 


which the 


was more 


The addition of protein-mineral-vitamin 
supplement to the fungal substrates sup- 
pressed clinical manifestations of the toxi- 
cosis and reduced death losses. Chicks that 
consumed the fungal substrates fortified 
with supplement and _ chlortetracycline 
showed, in general, less depression and 
gained more body weight than those that 
consumed the fungal rations fortified with 
the supplement only. Birds fed the P. ru- 
brum substrate, necropsied at 12 weeks, 


TABLE 4—Score Card for the Poultry Hemorrhagic Syndrome 


Tissue 1 


Body 
Lungs 
Liver 


MoHC 
SlPa 
SIEn 

MoH¢ 
PrEn 

MoHC 


SlPa 

SIEn 
MoH¢ 

PrEn 
MoHC 


Spleen 


Proventriculus 
Gizzard SIEr 
Sma!l intestine 
Kidneys 

Leg muscle 
Thigh muscle 
Breast muscle 
Heart 


MoNF 
SIEn SIEn 
MoH¢ 
SIH¢ 
MoHC 
SIEn 


SIH¢ 


Bone marrow 
18 20 


16 


Total scores 
Average score 18 


HC 


pronounced ; 


Er 


paleness; Pr 


En 


Pa 


normal enlarged ; erosion ; 


NF necrotic foci; 


Severity of lesions 


Total score 


Chick No 


for respective 
4 tissues 


0 
SIH¢ 4 9 
SIEn 
MoHC 
PrEn 


MoH(¢ 
SIEn 
MoH¢ 


MoHC 


SIEr 
MoNF 
SIEn 
SIH¢ 
SIH¢ 
SIH¢ 
PrH¢ 


SIEr 
MoNF 
MoHC 
SIHC 
SIHC 


SIEn 


MoH¢ 


PrHc PrH¢ 


SiPa 
20 18 
16 

Mo 


hemorrhage or congestion moderate 


and SI slight 


— 
SiPa 
SIEn 
6 
6 
13 
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TABLE 5—Effect of Chlortetracycline on Body Weight in Chicks Consuming Toxic Fungal 
Inoculated Feed Under Simulated Field Conditions 


Average body weight (Gm.)* 


Treatment 
No antibiotic 
200 p.p.m.of 
antibiotic 105 140 


* Chicks were 6 days old at beginning of the experiment and 
based on 10 males and 10 females weighed each week 


Average body weights in table are 


showed fewer muscular hemorrhages than 
the group that consumed a similar ration 
containing no antibiotic. The mode of ac- 
tion of chlortetracycline in suppressing 
toxicity for chicks that consumed the 
moldy grain can not be explained at this 
time. 

It has been demonstrated by Cover et 
al.* that sulfaquinoxaline in a vitamin K- 
deficient ration produced hemorrhages in 
chicks. A number of other investigators 
have shown that avitaminosis K 
hemorrhages in chicks. However, the forti- 
fied fungal rations used in our experiments 
contained an ample supply of vitamin K, 
as menadione sodium bisulfite, and were 
free of a coccidiostat ; nevertheless, chicks 
that consumed the fortified fungal rations 
showed hemorrhages in various tissues at 
necropsy. This indicates that factors other 
than sulfaquinoxaline or a deficiency of 
vitamin K in the ration may produce 
hemorrhages. 

Washko and Mushett!* reviewed the 
early reports of Forgaes et al.*:* and stated 
that the and 
were markedly similar to those they ob- 
served in their study of field cases of poul- 
try hemorrhagic syndrome in five north- 
eastern Mitrovie observed that 
chicks experimentally infected with Asper- 
gillus fumigatus showed typical lesions of 
poultry hemorrhagic syndrome at nee- 
ropsy; it was concluded that fungi 
may play a role in the syndrome. Frost 
et al.® concluded that mycotoxicosis, like 
that described by Forgacs et as ‘‘a 
contributing factor in poultry hemorrhagic 
syndrome is rather remote.’’ However, we 
have demonstrated clearly that certain 
fungi, when inoculated in moist broiler 
mash, produce toxic substances within six 
days and that chicks which consumed such 
feed showed hemorrhages in various tis- 
sues at necropsy. Furthermore, when 
added to dry normal broiler mash and 
when scattered by chicks in litter of wood 


causes 


microscopie changes 


gross 


states. 


some 


Weeks 
9 


1,040 
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had an average body weight of 5 


shavings, these fungi proliferated within 
three weeks and gave rise to toxic sub- 
stances that produced hemorrhagic syn- 
drome in chicks. 

Cover * found that continuous feeding 
for five days and intermittent feeding for 
two weeks of three substrates (soybean 
meal, corn meal, and regular mash) on 
which a strain of Fusarium graminiearum 
had been cultured did not produce hemor- 
rhages in chicks. Fortunately, as will be 
indicated by us in another publication, not 
all saprophytic fungi produce substances 
toxic to chicks and there exists a great 
variation even among strains of a given 
fungus. Other factors also may influence 
production of toxic substances by fungi. 
Burnside et al.’ found that, of nine strains 
of A. flavus which they isolated from field 
cases of moldy corn poisoning in swine, 
only one was toxic. 

According to observations of various 
poultry pathologists, the hemorrhagic syn- 
drome may appear in the field in birds 
from 4 to 12 weeks old; the highest inci- 
dence of the syndrome occurs in birds 4 
to 7 weeks old. [n our first simulated field 
study, clinical manifestations of the syn- 
drome were evident at 15 days and were 
observed at eight weeks, when the experi- 
ment ended. Chicks dying during the 
course of the experiment and those killed 
at the eighth week showed pronounced 
manifestations of the syndrome. Whether 
the highest degree of manifestation of the 
syndrome occurred at the eighth week can 
not be stated, since the experiment ended 
then. However, in the simulated 
field study, conducted under essentially the 
same conditions, the syndrome was appar 
ent at 3.5 weeks, when the first necropsies 
were performed, reached its highest level 
at five weeks, and then gradually decreased. 
This was typical of the commonly described 
field Cases. 

Both degree of depression and diarrhea 
in chicks, and the dermal toxicity for the 


second 
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rabbit, of ether extracts of feed collected in 
litter were most intense at the fifth week. 
This paralleled the greatest manifestation 
of the syndrome in chicks; however, the 
dermal toxicity of the extract was nega- 
tive for the rabbit at the sixth week. Either 
the rabbit dermal toxicity test may not be 
as sensitive as the feed toxicity in chicks or 
the hemorrhagic lesions caused initially by 
ingestion of the fungal toxic 
resolve slowly. 

Why the syndrome reaches a level of 
high intensity and then gradually drops 
is not entirely clear at this time. Perhaps 
the fungi present in feed scattered in moist 
litter produce their toxie substances in 
createst concentration at a given time dur- 
ing their period of growth and thereafter 
the same fungi or other microorganisms 
utilize the toxic substances for production 
of other metabolic products which are non- 
toxic. In addition, microbial antagonism 
or competition of the toxie fungi with 
other microorganisms for a common nutri- 
ent also may play a role. 

Although the addition of 200 p.p.m. of 
chlortetracycline to the inoculated feed did 
not suppress fungal growth in litter, chicks 
that consumed the feed gained more weight 
and showed fewer of the hemor- 
rhagic syndrome at necropsy than did 
chicks that were not given the antibiotic. 
Chicks that consumed the nonantibiotic 
feed demonstrated the hemorrhagic syn- 
drome at four weeks, which gradually de- 
clined and was absent at the seventh week. 
Again, the role of the antibiotic in sup- 
pressivg the syndrome is not clear at this 
time. 

The poultry hemorrhagic syndrome, as 
observed in the field, usually reaches its 
highest intensity at four to seven weeks 
and is absent at the time broilers are mar- 
keted. Therefore, the economic significance 
of the syndrome in such cases frequently 
has been questioned. However, it must be 
remembered that the chicks are subject to 
stress during the course of the toxicosis 
and are vulnerable to opportune infections, 
even though the birds appear normal at 
the time of marketing. Observations of 
field outbreaks of poultry hemorrhagic 
syndrome in Mississippi by one of the 
authors indicated that chronic respiratory 
disease and the hemorrhagic syndrome ap- 
peared in broiler flocks at about the same 
time. 

Although the poultry hemorrhagic syn- 


substances 


lesions 
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drome, in most cases in the field, reaches its 
highest intensity from four to seven weeks, 
other cases have occurred as early as two 
weeks, and still others as late as 12 weeks. 
The early or late appearance of the syn- 
drome can be accounted for plausibly on 
the basis of degree of dampness of the lit- 
ter. If the litter is damp early during the 
growth of the chicks, fungi present in feed 
scattered in litter proliferate, secrete their 
lethal metabolic products, and chicks that 
such feed will 
However, if the litter is dry until later in 
the growth period of the chicks, fungi 
present in feed in litter will not proliferate 
and, consequently, no toxic substances can 
be found during the period of dryness. In 
a paper to follow, we will deseribe an ex- 
periment in which litter remained dry for 
five weeks and chicks which consumed fun- 
gus-inoculated mash scattered in litter re- 
mained normal clinically and at necropsy. 
The litter was dampened on the fifth week 
and fungi proliferated two days later. 
Chicks killed one week after the litter was 
dampened showed hemorrhagic lesions at 
necropsy. 


consume show toxicosis. 


SUMMARY 


Two lots of sterile grain on which one 
strain each of 
Penicillium 
tured 
more 


rubrum and 
had been eul- 
chicks; the former 


( ‘hicks showed 


Penicillium 
purpurogenum 
toxie for 
the latter 
pression, essentially no gain in body weight 


were 
than de- 
and, subsequently, died. Necropsy findings 
included 
various 


eongestion of 


the 


hemorrhages and 


tissues, erosion of proven- 


triculus and gizzard, and paleness of the 


bone marrow. 

The addition of a protein-mineral-vita- 
min supplement to the fungal substrates 
resulted in less depression and fewer death 
losses due to mycotoxicosis. The addition 
of chlortetracycline to these rations re- 
sulted in fewer clinical signs and 
of toxicosis. 

One toxie 
clavatus, 


lesions 


strain each of Aspergillus 
Aspergillus flavus, P. purpur- 
ogenum, P. rubrum, Paecilomyces varioti, 
and a species of Alternaria, when inocu- 
lated into moist broiler containing 
no coccidiostat or antibiotic and ineubated 
at ordinary room temperatures produced 
toxic substances within six days and for at 
least 24 days. Necropsy findings in chicks 


mash 


that consumed the toxic mash were char- 
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acteristic of the poultry hemorrhagic syn- 
drome. 

In a preliminary experiment, toxic fungi 
proliferated within 11 days in feed seat- 
tered by chicks in litter of wood shavings. 
Chicks maintained on such litter devel- 
oped depression and diarrhea and, when 
the experiment ended at eight weeks, 
lesions of the hemorrhagic syndrome were 
found. 

In a second similar experiment, fungal 
proliferation became evident on the elev- 
enth day and the hemorrhagic syndrome 
was evident in chicks decapitated at 3.5 
weeks, reached its greatest intensity at five 
absent 


weeks, gradually decreased, and was 


12 weeks. 

The presence of 200 p.p.m. of chlortetra- 
cycline in inoculated feed did not result in 
less fungal growth in feed seattered in lit- 
ter of wood shevings, but there was less 
syndrome in chicks main- 
litter. 


at 


hemorrhagic 
tained on such 
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Species Metabolic Patterns Within the Genus Brucella 


MARGARET E. MEYER, B.S., and H. S. CAMERON, D.V.M.., Ph.D. 


Davis, California 


Since 1918, when Evans‘ reported that 
the organisms then known as Bacterium 
abortus and Micrococcus melitensis bore 
morphological, cultural, sero- 
logical resemblance to one another, several 
bacteriological and biochemical techniques 
have been developed to aid in the differen- 
tiation of the organisms now classified in 
the genus Brucella, and recognized as Bru- 
cella abortus, Brucella suis, and Brucella 
melitensis. 


close 


The procedures currently used are dye 
bacteriostasis, hydrogen sulfide production, 
hydrolysis of urea, carbon dioxide require- 
ments, and agglutinin absorption. Except 
for the serological test, the methods devel- 
oped for the differentiation of the species 
are semiquantitative tests that reflect the 
enzymatic activity of the organisms. Re- 
noux,’® Cruickshank,® and Pickett 
however, have reported difficulty in assign- 
ing a rather large number of cultures to a 
definite species because of ‘‘atypical’” re- 
actions to these tests. Since there has been 
no comprehensive study reported that 
covers the general physiology and biochem- 
istry of any of the Brucella species, it 
would appear that one of the greatest diffi- 
culties in identifying a species is a lack of 
basic metabolic information on the genus. 

These comparative physiological studies 
of resting cells were undertaken to deter- 
mine if the basic metabolic patterns of the 
three species of Brucella would display 
sufficient characteristic differences to aid 
in the identification of the species, and to 
eventually help determine the taxonomic 
positions of other gram-negative organisms 
that have been tentatively classified in the 
genus Brucella. 


MATERIALS AND METHODS 


abortus strain which is 


Exeept for Br. 544, 
uniquely urease negative, the strains of Brueella 
selected for investigation of their oxidative metab 
olism were those which conformed to the standard 
tests for the identification and speciation of the 
genus. The cultures used were Br. abortus strains 
19, 544 (Weybridge, designated a ‘‘type strain’’ 


From the School of Veterinary Medicine, University 


of California, Davis 


FAO-WHO Expert Committee on 


1760, and 1628, all 


All strains, when used in these experi 


by the Joint 


Brucellosis *), 53, isolated 
from milk. 
dependent on CO, for growth. 
isolated from 
148A, and 


brucellosis 


ments, were not 
The strains of Br. suis used were 55, 
an aborted swine fetus, and 56, 57, 
2785, all isolated from 
by the laboratories of the California State Depart 
ment of Publie Health. 
4000 and 4103 were isolated from persons in Cali 
fornia, and strains 83, 68, and 71 were isolated 
from infected human beings in Turkey.* All were 
smooth cultures, as determined by the acriflavine 


test (Braun and 


persons with 


Brucella melitensis strains 


sonestell 


cells prepared by inoculating 


Resting 
flasks of 
pension of the 


were 
with a saline sus 
After 48 


incubation at 37C., the cells were harvested and 


Roux tryptose agar 


desired strain. hours’ 
washed three times in Sorenson’s M/15 phosphate 
with the desired pH value. The 
suspended in the buffer and ad 
justed to a coneentration such that 1 ml. of cells 
dete 


buffer solution 
cells were then 


contained 0.8 to 1.1 mg. of 
a Kjeldahl 


The activity of the resting cell suspensions was 


nitrogen, as 


mined by (micro) technique. 


measured by conventional Warburg techniques.” 
The temperature of the water bath was 37 C. Each 
flask 
strate, 1.4 ml. of buffer, and 0.1 ml. of 
hydroxide. 
solving the compounds in Sorenson’s buffer 
tion and adjusting the pH, 
the addition of NaOH. 


gen uptake were determined for 


contained 1.0 ml. of eells, 0.5 ml. of sub- 


potassium 
The substrates were prepared by dis 
solu 
when necessary, by 
Endogenous rates of oxy 
each experiment 
and all rates of exogenous respiration were meas 
ured in duplicate. This was repeated on several 
harvestings of cells from various lots of mediums. 
All oxidative uptake rates were expressed as the 
QO: (N with the subtracted. 


Conventional 


endogenous rates 


paper chromatography techniques 


were used to identify amino acid metabolites. 


RESULTS 

The results of the first phase of the in- 
vestigation, the comparative oxidation of 
amino acids, are shown (table 1). All spe- 
cies and strains used D-alanine and, at a 
rate, the L-isomer. Brucella suis 
oxidized L-arginine, DL-citrulline, L-ly- 
sine, and DL.-ornithine at a considerably 
faster rate than either of the other species, 
while Br. melitensis more active on 
substrates of D-asparagine, D-glutamic 


lesser 


was 


Isolated in Ankara, Turkey, by Dr. S. B. Golem 
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acid, and proline, although there were in- 
dividual strain variations. Brucella suis 
did not metabolize L-asparagine, and dis- 
played low oxidative rates on L-glutamic 
and L-aspartic acids, while Br. abortus and 
Br. melitensis used these amino acids 
rapidly. Glycine and serine were used at 
essentially the same rate by all three 
species. 

When the activity of the three species 
on carbohydrate substrates was compared 
(table 2), Br. suis was the most active in 
carbohydrate utilization, particularly on 
substrates of L-arabinose, D-xylose and, to 
a lesser extent, on maltose, D-mannose, and 
raffinose. Glucose was used at a high rate 
by all three species. Adonitol, fructose, 
and D-galactose were also used by all spe- 
cies, but strain variations in the oxidative 
rates were apparent. 

When the effect of pH on substrate utili- 
zation of Kreb’s cycle intermediates was 
determined (table 3), the optimum pH for 
maximum oxygen uptake was similar for 
the three species. Differences between the 
species, however, occurred in the pH range 
at which they were able to use the sub- 
strate. Brucella abortus is the least labile 
to either an increased or decreased pH on 
substrates of alpha-keto-glutarate, fumar- 
ate, malate, and oxalacetate, whereas Br. 


METABOLIC PATTERNS OF BRUCELLA SPECIES 


suis utilized lactate over the widest pH 
range. 

The comparative utilization of Kreb’s 
cycle intermediates for five strains of each 
species is shown (table 4). There were no 
well-defined differences between species 
apparent in this phase of intermediary 
metabolism, although there were differ- 
ences in rate that may have some signifi- 
cance. The over-all rates for these inter- 
mediary compounds were, in general, 
highest for Br. abortus and lowest for Br. 
melitensis, although some overlapping 
occurred. 

DISCUSSION 

Resting cells of the three species of Bru- 
cella displayed many distinet differences 
in their oxidative rates and intermediary 
metabolism of amino acid substrates. The 
slow oxidation of glutamic acid by Br. suis, 
in contrast to the rapid oxidation of this 
amino acid by both Br. abortus and Br. 
melitensis, constitutes a major variation 
between the species and is an apparent 
reflection of basic differences in their inter- 
mediary metabolism. Glutamic acid is the 
key amino acid involved in the interecon- 
versions between the Kreb’s cycle inter- 
mediates and amino acids that are sub- 
strates in the urea eycle, particularly 
ornithine, arginine, citrulline, and proline. 
Brucella suis can not initiate the function- 


TABLE 1—Comparative QO.N Values for Resting Cells of the Three Species of Brucella on 
Amino Acid Substrates* 


Amino acid 
substrates at 

pH 7.0 with 
5 mg. per each 
Warburg flask 


Brucella abortus 
1760 


aianine 
alanine 
,arginine 
D-asparagine 
asparagine 
D-aspartic acid 
L-aspartic acid 
DL-citrulline 
D-glutamic acid 
L-glutamic acid 
Glycine 
D-histidine 
L-histidine 
L-leucine 
L-lysine 
DL-ornithine 
DL-phenylalanine 
L-proline 
L-serine 
D-threonine 
L-threonine 
DL-tryptophane 
L-tyrosine 
D-valine 
L-valine 


* Endogenous rates have been subtracted 


Species and strain No 


Brucella suis Brucella melitensis 
71 4100 
398 
107 
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83 147 163 188 169 137 1% 125 
72 113 85 54 50 57 98 
45 17 20 18 38 55 11 20 
8 15 26 40 9 0 0 20 0 7 39 84 63 104 93 
198 151 152 128 101 10 30 5 9 15 99 155 90 85 100 
0 15 13 10 16 0 10 10 8 32 12 53 25 5 26 
110 90 47 71 79 20 20 0 0 6 90 230 40 237 160 
68 40 36 26 433 118 137 91 115 65 0 sO 22 30 16 
20 19 19 10 17 40 20 25 43 20 10) 65 45 60 50 
296 280 254 324 387 52 52 33 70 41 310 163 101 170 190 
40 46 &3 74 68 50 15 56 20 60 78 40 32 40 63 
0 ~ 5 16 11 15 5 tO 7 ~ 0 t) 20 0 10 
8 2 2 0 0 21 21 33 10 10 10 25 10 20 13 
6 19 14 8 13 0 0 6 10 10 8 0 0 0 0 
30 22 20 12 14 15 150 82 77 41 10 6 12 20 16 
RO 59 9 5 36 13 230 97 158 90 0 19 2R 0 23 
0 15 6 24 20 0 0 0 0 0 0 0 21 0 12 
40 115 60 45 6( 0 14 16 32 17 an 137 > 4) 145 65 
43 51 47 49 48 65 66 27 55 140 72 90 16 60 42 
0 16 4 Y 0 0 0 0 10 0 0 11 ; 6 7 
10 21 16 13 0 18 10 6 il 0 0 10 1 4 5 
0 0 0 4 0 0 12 0 0 0 0 0 0 0 0 
8 20 10 21 11 18 0 8 { 0 11 8 0 10 11 
12 13 17 0 0 17 0 9 0 0 14 4 0 9 ~ 
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TABLE 2—Comparative QO.N Values for Resting Cells of the Three Species of Brucella on 
Carbohydrate Substrates* 


Carbohydrate 

substrates at 

pH 7.0, 

per each Warburg 
flask 


5 mg 
ay. Brucella abortus 


Adonitol 
L-arabinose 
Dulcito 
Fructose 
D-galactose 
Glucose 
Inositol 
Lactose 
Maltose 
D-Mannitol 
D-Mannose 
Raffinose 
L-rhamnose 
Salicin 
D-sorbitol 
Sucrose 
Trehalose 
D-xylose 


Endogenous rates have been subtracted 
ing of the urea cycle from a substrate of 
glutamic acid, while the other two species 
rapidly oxidize it to form the metabolites 
of ornithine, citrulline, arginine, and ala- 
nine (Cameron et al.*). 

Basic differences between the species in 
the initiation of the urea cycle are further 


reflected in the high rates of oxidation by 
Br. 
line, and ornithine, and the greater utili- 


suis on substrates of arginine, citrul- 


zation of proline by Br. melitensis. The 
only other strain to show utilization of 
proline was Br. abortus strain 544, which 
contains no urease. This strain, however, 
displayed no irregularities in its oxidative 
pattern when compared with the other 
strains of Br. abortus. 

In addition to the slow oxidation of glu- 
tamic acid, Br. suis also differed markedly 
from the other two species in its inability 
to oxidize L-asparagine and_ L-aspartic 
acid. Aspartic acid is considered a specific 
nitrogen donor in the urea cycle, the source 
of which is glutamic acid via transamina- 
tion (Ratner and Pappas"). Differences 
in the utilization of glutamic and aspartic 
acids reflect not only differences in the 
urea cycle but, since these two amino acids 
are direct participants in transamination, 
it also reflects differences in the enzyme 
constituents of the species. On the basis of 
manometric and chromatographic studies, 
Cameron and Meyer® reported that Br. 
suis either lacked the glutamic-alanine and 
aspartic-glutamic transaminases, or they 
were inactive. Altenbern and House- 


Species and strain No 


Brucella suis melitensis 


7 4100 
47 

9R 

10 

50 
100 

12 

11 


Br. abortus 


wright ' demonstrated that 
strain 19 had both transaminating systems 
and that they were active. The oxidative 
rates for the substrates of the transami- 
nating enzymes (glutamic pyruvic 
acid, alanine, oxalacetic acid, and aspartic 
acid) and the amino acid metabolites that 
accrued from their utilization were similar 
for all strains of Br. abortus and Br. meli- 
tensis, indicating that these two transami- 
nating systems can be considered normal 
The mecha- 
nism for the oxidative deamination of ly- 
sine has not yet been elucidated.’*7 How- 
ever, the fact that Br. suis oxidized this 
substrate more rapidly than the other spe- 
cies points to another difference in the 
metabolism of this species. 

The Kreb’s cycle, a series of cyclic re- 
actions whereby pyruvate, acetate, and 
glucose are eventually converted to carbon 
dioxide and water, is one of the basic enzy- 
matic systems in many bacterial species.'” 
The effect.of pH upon the oxidation of 
substrates in the Kreb’s cycle by resting 
Br. strain 19 has been 
studied by Altenbern and Housewright,? 
who reported that the oxidation of glucose, 
fumarate, pyruvate, lactate, and acetate 
proceeded most rapidly at pH 7.4, while 
for the utilization of citrate and succinate 
a pH of 6.6 was necessary, and for alpha- 
keto-glutarate a pH of 5.4 produced opti- 
mum oxygen uptake. The role of pH in 
substrate utilization by Br. abortus was 
further studied by Gerhardt ef al.,®° who 
concluded that cellular permeability to 


acid, 


components of both species. 


ce ls of abortus 
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TABLE 3—The Effect of pH on Oxygen on Kreb’s Cycle Intermediates by Resting Cells of 
the Three Species of Brucella 


Substrate 
5 mg. per 
Warburg flask ) Species 
abortus * 
suis 
melitensis 
pha-keto abortus 
glutarate suis 
melitensis 
abortus 
suis 
melitensis 
abortus 
suis 
melitensis 
abortus 
suis 
melitensis 
abortus 
suis 
melitensi 
abortus 
suis 
melitensi 
abortus 
Pryuvate six 
melitensi 
abortus 
Succinate suis 


melitensis 


Strains used were Brucella abortus 19. Brue 


the substrate was a limiting factor in these 
reactions, and that changing the pH would 
overcome the permeability barrier for 
many of the substrates in the Kreb’s cyele. 
Since both of the above groups of inves- 
tigators reported on Br. abortus, it was 
necessary first to determine the optimum 
pH for Kreb’s cycle substrates utilized by 
Br. suis and Br. melitensis. The results 
reported here for Br. abortus strain 19 
parallel those reported by Gerhardt et al.,® 
and differ from those reported by Alten- 
bern and Housewright,” in that the latter 
obtained maximum uptake of oxygen on 


QO2z(N) values at various pH levels 
pH 6.0 pH 6.5 


40 


317 
140 
168 


suis 148A, and Brucella melitensis 


fumarate at a pH of 7.4, rather than at a 
pH of 5.5. 

The question of whether the three spe- 
cies of Brucella, or any one of them, actu- 
ally metabolize the carbohydrates through 
the complete tricarboxylic acid cycle has 
not been resolved. Altenbern and House- 
wright,- working with Br. abortus strain 
19, and Gerhardt et al.,® working with Br. 
abortus strain 11, demonstrated that both 
strains contained the necessary enzymes 
for the operation of the cycle, but neither 
group of investigators could uncondition- 
ally conclude that the cycle was function 


TABLE 4—Comparative QO.N Values for Resting Cells of the Three Species of Brucella on 
Substrates that Are Intermediates in the Kreb’s Cycle* 


Kreb's 
substra 
(5 meg. pe 
each War 
burg flask 


Brucella abortus 


Acetate 
Alpha-keto 

glutarate 5 ‘ 172 
Citrate ‘ 26 
Fumarate 5 : 92 218 
Lactate 7.0 23 2386 
Malate 5.0 346 5 «6 208 
Oxalacetate 0 36 111 
Pyruvate 7.0 2 § § 119 
Suceinate 7.0 5 575 5% 452 


Endogenous rates have been subtracted. 


ies and strain No 


Brucella suis Brucella melitensis 
56 2785 57 148A 4103 B83 71 4100 


205 193 90 RR 
108 109 160 
0 6 0 
119 98 113 
20 95 100 
91 42 5 y 50 
260 200 5 146 
219 175 5§ 105 
300 180 2 c 25 168 
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pH 4.5 pH 7 
0 0 0 0 
) 0 ) ) 60 124 
11 233 270 170 117 100 
166 162 100 2 60 61 
125 160 161 7 18 9 
12 28 39 
0 0 0 6 10 
100 IRS 20 128 
0 112 64 25 20 18 
20 113 41 30 } 1 
0 20 30 63 90 1 
10 106 110 11 146 155 
18 40 42 16 169 
290 100 4105 160 ( ( 
0 50 i9 20 is 
0 78 30 16 10 
230 10) 171 150 111 
120 146 110 60 0 
GR 145 60 16 
0 { 20 100 Lat 25 
{ 6 100 123 118 150 
4 60 71 mf 205 
( 367 £54 
v 0 ) 218 190 
| 0 0 ) 180 129 
Spec 
pH 19 544 1760 1628 05 
248 209 75 124 
154 166 66 161 
29 0 
243 215 60 123 
234 220 70 16 
238 75 10 
129 110 94 124 
240 112 205 
325 270 70 «4292 
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ing. The data in table 4 show that all 
strains used in this study were similar in 
their behavior on substrates of the Kreb’s 
cycle and that there were no definitive 
differences between the species in this 


phase of their metabolism. 


SUMMARY 


These investigations establish species 
metabolic patterns for the genus Brucella 
and demonstrate certain fundamental dif- 
ferences between the species. These differ- 
ences are particularly valuable in identi- 
fying Brucella suis from the other two 
species. Differences between Brucella abor- 
tus and Brucella melitensis are not as 
striking but, nevertheless, are character- 
istic. The method has been described by 
Meyer and Cameron": with respect to 
the differentiation of the genus Brucella 
from other morphologically similar gram- 
negative pathogens. The method may have 
an application in identifying organisms 
that, because of atypical reactions, are 
difficult to classify. 
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A Technique for the Intravenous Injection of Embryonating Eggs 


CHARLES M. BARNES, D.V.M., Ph.D., and LOGAN M. JULIAN, D.V.M., Ph.D. 


Davis, California 


CONSIDERABLE dexterity is required for 
the intravenous injection of embryonating 
eggs because of the small size of the blood 
vessels of the chorioallantoic membrane. 
Polk et al.,* Eichorn,! Goldwasser and 
Shelesnyak? have described microinjection 
procedures which proved satisfactory for 
their purposes. The technique described 
here permits more rapid handling of eggs 
and improves on previous methods. 


MATERIALS AND METHODS 


The egg holder is 
common 


a simple deviee made from 


laboratory materials (fig. 1). Rubber 


Fig. 1—A ‘‘slingshot’’ egg holder which aids in 
holding the egg steady for intravenous injections. 
It is made of common laboratory items consisting 
of (a) round shipping carton, (b) rubber bulb, 
(c) steel frame or light holder, (d) aluminum foil 
reflector, (e) electric lamp, (f) weight for holding 
the device steady, (g) rubber bands, (h) sponge, 
(i) tuberculin syringe, (j) dissecting microscope, 
and (k) map pin. 
bands hold the egg firmly against the candling 
instantaneous removal and re 
another egg. The 
remain seated, resting the heels of both hands on 


light, yet 
placement 


permit 


with operator may 


the table while making the injection, which per 
mits accurate control of the injection apparatus 
with the fingers and is not tiring. The egg holder 
may be fastened to the table by a swivel screw, 
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but the use of a weight has proved satisfactory 
and permits rapid repositioning of the whole de 
vice for different operators. 


PROCEDURE 


The egg of 8 to 15 days’ ineubation is 
candled and a suitable blood vessel selected 
for injection. The vessel is outlined on the 
shell with a pencil. A window approxi- 
mately 6- to 10-mm. square is made in the 
eggshell by an electric hand tool fitted 
with an abrasive disc. Care must be taken 
not to puncture the shell membrane lying 
immediately beneath the shell. The shell 
covering the window is removed with for- 
ceps and a drop of mineral oil placed on 
the shell membrane, making it translucent 
and permitting the operator to see the 
vessels clearly when the egg is placed in 
the holding device. 

The injection apparatus consists of a 
30-gauge, *4-inch needle fitted to a tuber- 
culin syringe. The needle is bent to an 
angle of 70 degrees at about 0.5 em. from 
the tip, which permits the operator to 


WPS 


Fig. 2—These blood vessels in typical 12-day em- 

bryonating eggs (enlarged for clarity) indicate 

arterial (A) and venous (V) blood flow. As indi- 

cated by arrows, blood flows in the general direc- 
tion of the air cell. 
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Fig. 3—An internal egg candler to examine con- 
tents of embryonating eggs in late incubation 
when there is insufficient transmission of light to 
use ordinary candling procedures, showing (a) 
microscope light, (b) round metal disc for inser- 
tion at (f) on the microscope light, (c) stopper 
for insertion in hold of (b), (d) glass or lucite 
rod, (e) egg with shell over the air cell removed. 


manipulate the needle around the curved 
surfaces of the eggshell and the 
injection. The bend also serves as a refer- 
point for the depth to which the 
needle should be inserted. <A dissecting 
microscope (xX 2) aids in observing the 
insertion of the needle and the flow of 
injection solution into the blood stream. 

It is important that the injection be 
made in the direction of blood flow, to pre- 
vent leakage of blood and injected material 
through the traumatized vessel wall. This 
was shown, experimentally, to account for 
losses of about 20 per cent of the injected 
dose. Available references in the literature 
do not give adequate discussion to such 
points as direction of blood flow and dis- 
tinguishing between arteries and veins in 
the chorioallantoic membrane. <A_ rule 
which has proved valuable in 8- to 19-day 
embryonating eggs is that blood always 
flows in the direction of the air cell when 
eggs are incubated in a normal manner 
(fig. 2). In addition, the veins become 
larger as they approach the air sac, while 
the opposite is true of the arteries. 

For eggs of 16 to 19 days’ incubation, 


there is insufficient illumination of the 


make 


ence 


chorioallantoic blood vessels during the 
candling procedure because of the large 
embryo shadow. For injecting embryo- 
nating eggs of this age, a technique first 
used by Julian and Akers* may be used. 
The shell over the air cell is removed with 
the hand tool and a transilluminated plas- 
tic rod is passed carefully between the 
shell and chorioallantoic membranes and 
the embryo (fig. 3). The transmitted light 


permits the chorioallantoic vessels to be 


outlined as before, with subsequent re- 
moval of a shell window and injection of 
Unfortunately, this procedure 
violates the integrity of the embryonic 
environment, and such injections should 


be made only in terminal experiments. 


the vessels. 


DISCUSSION 


This modification of an accepted tech- 
nique of intravenous injection is reported 
because of its simplicity and the speed 
with which may be handled. In ex- 
periments at this laboratory, injections 
could be made at a rate of egg per 
minute if they had been precandled and a 
window ground into the shell. This is 
particularly advantageous in studies of 
dynamic systems, such as blood volume 


blood 


one 


and clearance rates. 


SUMMARY 


A modified technique for the intravenous 
injection of embryonating eggs via the 
chorioallantoic vessels, using a simple egg- 
holding device, is deseribed. 
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The Resin-Agglutination Test for Vesicular Stomatitis 


F. M. NIETO, D.V.M., M.S., and D. SEGRE, D.V.M., Ph.D. 


Madison, Wisconsin 


VESICULAR STOMATITIS (VS) is currently 
diagnosed and differentiated from other 
vesicular diseases by biological, immuno- 
logical, and serological methods (animal 
and chicken embryo inoculation, cross im- 
munity, serum neutralization, complement 
fixation Complement fixation has been 
found useful in detecting vs viral antigen 
in test materials,*** but has not been satis- 
factory in testing for vs antibodies in the 
serum of cattle which have recovered from 
the disease.© Serum neutralization (sn) 
in ova has been used widely in this labora- 
tory during a long-range epizootiological 
study of vs. This method provides the 
necessary accuracy and relative rapidity 
of performance. However, it is costly when 
used on a large seale. 

The application of an in vitro serological 
test to the titration of vs antibodies seemed 
desirable. Such a test should be economi- 
eal, time saving, and sufficiently accurate. 
The resin-agglutination (RA) and resin ag- 
glutination-inhibition (RAI) tests, serologi- 
eal procedures recently described by one 
of us,* seemed to meet the first two re- 
quirements. The accuracy of the resin 
agglutination-inhibition test in titrating 
vs antibodies was investigated by com- 
paring it with the sn test. This investi- 
gation, together with further observations 
on the RA test, constitutes the basis for this 
report. 


MATERIALS AND METHODS 


The materials and methods used in the RA and 
the RAI tests have been described previously.‘ 

The 
fluid of embryonating chicken eggs that had been 
inoculated with vs virus, New Jersey or Indiana 
Fertile chicken eggs 
nine days and inoculated in the 


antigen used in this study was allantoic 


incubated for 
allantoic 


types. were 


cham 
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were chilled at 4C. for ten to 
12 hours after the deaths of the 
and the allantoic fluid The 
taining allantoic fluid was stored at —20C. until 


bers. The eggs 


soon embryos 
harvested. virus-con 
used. 

Infected chorioallantoic membranes and chicken 
embryos, collected at various times after Vs virus 
The infected 
were extracted with the Ra diluent as previously 
The removed before the 
chicken embryos were extracted. Materials 
chicken eggs, incubated for ten 


days, were used as controls. 


inoculation, were also used. tissues 


deseribed.° eyes were 
from 


noninoculated 


The immune gamma globulin came from the se 
rums of cows, guinea pigs, and rabbits hyperim 
New 
globulin was 


munized with vs virus, Jersey or Indiana 


types. Gamma obtained by alcohol 
fractionation. 
were obtained from cows, race 


which had had 


Immune serums 
feral hogs natural 


experience with vs virus. 


coons, and 


tests performed ae 
currently this 
was expressed as the log 

neutralized by 1 ml. of 


Serum-neutralization were 


cording to the technique used in 
The titer 
number of 1.d.so 


laboratory ° 
of the 
serum. 


TABLE i—Serum-Neutralization and Resin Ag- 
glutination-Inhibition Titers of 43 Serum Samples 


No of 
samples 


Source of 
serums RAI titer 
640 


10 


1 
1 
l 
l 
1 
1 
l 
1 
1 
1 
l 
1 
l 
1 
l 


swine 

swine 
swine 
swine 


swine 


raccoons 
raccoons 


swine 


i 

6 cows 1.0 2 
cow 1.0 
l cow 320 
l co 160 
ow 640 
ows 3.0 1 

cow 2.8 640 
co 
l co 2.5 
l cow 2.1 160 
1 cow 2.0 16 
l cow 1.7 640 
l cow 1.7 161 
1 cow 1.7 10 
2 ows 1.6 
l ow l 20 
cow 1.5 160 
4 cows 1.5 10 
l 4.0 1:1,280 
840 
l 3.5 1:640 
] 3.2 1:160 
2 1:320 
2 1.9 1:2,560 
2 | 1.0 1:1,280 
1 4.0 1:150 
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RESULTS 

Correlation Between SN and RAI T'- 
ters —A total of 43 serum samples were 
used, 29 of bovine origin, nine from swine, 
and five from raccoons (table 1). The se- 
rums were first tested by the sn reaction, 
and the neutralization titer in l.d.syo was 
calculated. They were then titrated with 
the RAI reaction (graph 1). 

Titration of VS Virus in Chicken Em- 
bryo Tissues and Fluid at Various Times 
After Inoculation.—Resin-agglutination 
titers of allantoic fluids, chorioallantoic 
membranes, and embryos inoculated with 
New Jersey type vs virus were determined 
at different times after inoculation (graph 
2). The infectivity titers of some of these: 
materials were also determined (table 2). 


TABLE 2—Infectivity Titers* of Embryo and 

Chorioallantoic Membrane Tissues at Different 

Times After Inoculation with New Jersey Type 
Vesicular Stomatitis Virus 


Hours after inoculation 
Tissue 


Embryo 


Chorioallantoic membrane - 


Expressed as log l.d.so per milliliter 


Cross Reaction Between the Two Types 
of VS Virus.—Previous work® indicated 
that resin particles coated with antibody 
to the New Jersey type vs virus would 
react with both New Jersey and Indiana 
type viruses. This observation was con- 


TABLE 3—Cross Reaction Between the Two Im- 
munological Types of Vesicular Stomatitis Virus 


Systems RA titers 


Homologous NJ gamma globulin + vsv d 1:160 


Ind. gamma globulin + vsv 


Heterologous: NJ gamme globulin + vsv 


Ind. gamma globulin + v8sv, NJ 


NJ New Jersey type virus: VSV vesicular stomatitis 


virus; Ind. Indiana type virus 


particles 


The 


firmed and extended to resin 
coated with Indiana type antibody. 
titers obtained are shown (table 3) 

Effect of Heat on Infectivity and RA 
Titers of VS Virus.—The heat stability of 
Indiana type Vs virus was investigated by 
comparative titrations of infectivity and 
agglutinating activity after exposure to 


room temperature (23+ 2C.) for differ- 
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TABLE 4—lInfectivity and RA Titers of Indiana 
Type Vesicular Stomatitis Virus, After Exposure 
to Room Temperature and to 57 C. 


Infectivity 
titer 
Indiana type VS virus l.d.so/ml. ) 
105 


Fresh virus 
1 hour at room temperature (232 
3 hours at room temperature 105-7 
5 hours at room temperature (2 
9 hours at room temperature 
24 hours at room temperature 


Heated at 57 C. for 30 minutes 


ent lengths of time, and to 57C. for 30 
minutes (table 4 

Effect of Formalin on Infectivity and 
RA Titers of VS Virus——A preparation of 
New Jersey type Vs virus was treated with 
0.4 per cent formaldehyde at 37 C. for 30 
minutes. Infectivity and Ra titers were 
obtained before and after formalin treat- 
ment (table 5). 


DISCUSSION 


A fairly good correlation was observed 
between the sn and the Ral titers (table 1, 


graph 1). Only three serum samples of a 


total of 43 tested (7%) were positive with 
the sN and negative with the rar test. This 
is considered good agreement between the 
results obtained with the two procedures. 
Testing of a larger number of serum sam- 
ples should give a more valid correlation. 
It is felt, however, that the results warrant 
the of the Rar test as a screening 
method in epizootiological surveys of vs. 

The results of the Ra titration of allan- 
toic fluids, chorioallantoic membranes, and 
embryos at different times after infection 
with vs virus indicated that the viral anti- 
gen is found earlier and is more abundant 
in the embryo. This is in agreement with 
the results of Savan,® who found infected 
embryos to be the best souree of antigen 
for the complement-fixation test. 

Growth curves of vs virus,* however, in- 
dicate that multiplication in the 


use 


occurs 


TA3LE 5—Effect of Formalin on Infectivity and 
RA Titers of New Jersey Type Vesicular Stoma- 
titis Virus 


Infectivity 
titer 
New Jersey type VS virus 


Untreated 
Treated with 0.4 per cent formal 
dehyde at 37 C. for 30 minutes 


162 
RA 
titer 
1:160 
1:160 
1:160 
1:160 
1:160 
1:160 
10 1:160 
48 
5.33 5.75 
5 
Ind 1:40 
Ind 1:80 
1:40 
ite 
titer 
1:40 
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Graph 1 — Correlation 
between serum-neutraliza- 
tion (SN) and resin ag- 
glutination-inhibition 
(RAI) titers of 43 se- 
rums from cattle, swine, 
and raccoons. The SN ti- 
ters are expressed as the 
logw of the number of 
chicken embryo neu- 
tralized by 1 ml. of se- 
rum. The RAI titers are 
expressed as the log, of 
the reciprocal of the 
highest dilution of serum 
inhibiting four aggluti- 
nating units of virus. 
Each dot represents the 
titer of one serum sam- 


ReEsIN-AGGLUTINATION TEST FOR VESICULAR STOMATITIS 


ple with the two tests. 
The line of best fit is 
shown. 


chorioallantoic membrane earlier and to a 
greater extent than in the embryo. Infec- 
tivity titrations of all the materials tested 
by the RA procedure were not carried out 
because of the limited availability of em- 
bryonating eggs. The information obtained 
(table 2) indicated that the peak of infee- 
tivity of the embryo tissues was reached 
24 hours postinoculation, whereas the peak 
antigenic titer, as measured by the Ra test, 
was at 12 hours postinoculation. The in- 
fectivity of the chorioallantoic membrane 
was too low to be detected with the dilu- 
tions used. The embryo and the chorio- 
allantoic membrane had the same Ra titer 
24 hours postinoculation, but the infectiv- 
ity titer of the embryo was considerably 
higher. It is apparent from these data and 


Graph 2—Resin-aggluti- 
nation (RA) titers of 
chicken embryo and cho- 
rioallantoic membrane 
tissues and of allantoic 
fluids obtained at differ- 
ent times after egg in- 
oculation with vesicular 
stomatitis virus, New 
Jersey type. 


RA TITER 
$$ 8 8 


5 6 
RAI TITER 


from those previously reported ® that there 
is no correlation between infectivity and 
RA titers of vs virus. This lack of correla- 
tion might be explained by assuming that 
two types of viral particles are produced 
at different rates by the infected chicken 
embryo. One type would be both infec- 
tious and antigenic, the other would be 
antigenic but not infectious. 

Resin particles coated with New Jersey 
type antibody were agglutinated by both 
New Jersey and Indiana type viruses. Con- 
versely, particles coated with Indiana type 
antibody were agglutinated by both Indi- 
ana and New Jersey type viruses. The dif- 
ference in titer obtained with the homolo- 
gous and the heterologous systems was not 
sufficient to permit identification of the 


EMBRYO 
ALLANTOIC FLUID 


HOURS POST-INOCULATION 
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type of virus by the Ra test. The two 
immunological types of vs virus are easily 
differentiated by cross-immunity and cross- 
neutralization tests. However, a degree of 
cross reaction has been reported with the 
complement-fixation test, using swine and 
bovine serums,”* but not horse and guinea 
pig serums.* One possible explanation of 
these results is that the RA and the comple- 
ment-fixation tests detect an antigen, com- 
mon to both immunological types of virus, 
which is not revealed by the serum-neu- 
tralization and the immunity tests. As a 
corollary to this hypothesis, one must as- 
sume that the group antigen is not an inti- 
mate part of the infectious virus particle. 

Treatment of vs virus with heat and 
with formalin resulted in loss of infeetiv- 
ity, whereas the ability to agglutinate anti- 
body-coated particles was retained. Two 
possibilities may be considered in inter- 
preting this: The viral antigen was not 
affected by the treatments used which, 
however, destroyed the infectivity; or, two 
types of viral particles were present, one 
of which is infectious and labile to heat 
and formalin, while the other is noninfec- 
tious but antigenic, and is stable to heat 
and formalin. If this is the ease, the anti- 
genic noninfectious component could be 
the one responsible for the cross agglu- 
tination observed between the two immu- 
nological types of vs virus, and for the 
lack of correlation between infectivity and 
RA titers. 


SUMMARY 


Forty-three serums with neutralizing an- 


tibodies for vesicular stomatitis (vs) virus 
were titrated with both the serum-neutrali- 
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zation (SN) and the resin 
inhibition (RAI) tests. A 
was shown between the 
with the two tests. 

Resin-agglutination (RA) titers of allan- 
toic fluids, chorioallantoic membranes, and 
chicken embryos at different times after 
inoculation with vs virus indicated that 
the viral antigen was more abundant and 
appeared earlier in the embryo than in the 
chorioallantoic membrane or the allantoic 
fluid. No correlation was found between 
infectivity and Ra titers. 

A marked reaction between the 
two immunological types of Vs virus was 
observed. Treatment of the virus with heat 
or formalin destroyed its infectivity, but 
not its antigenicity, as detected with the 
RA test. 

The possibility is discussed that the vs 
virus antigen detected by the RA test might 
be separated from the viral 
particles. 


agglutination- 
good correlation 
titers obtained 


Cross 


infectious 
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The Effect of Storage on Viability of Lyophilized 
Cultures of Bacteria, Viruses, Yeasts, and Molds 


HARRY E. RHOADES, M.S. 


Urbana, 


THE TERM ‘‘lyophile process’’ is derived 
from the adjective ‘‘lyophile,’’ which 
defined as having an affinity for solution. 
Rather than describing the process of lyo- 
philization, or freeze-drying, it describes 
the properties of the product that is 
formed. 
Shackell 
of 
meat, and blood. 


1S 


the 


rabies 


described a process for preser 


vation complement, antiserum, virus, 


The material was first frozen in 
then 


sulfurie 


under 
the 
reported the preservation of bae 


a salt-ice mixture and dried vacuum 


in a desiccator, with acid as desic 


eant. Hammer * 


teria by freezing and drying. 
Most 


cation of the process has come since 1935. Flosdorf 


of the development and practical appli- 
and Mudd* described a procedure and apparatus 
for the preservation, by lyophilization, of serum 
and other biological substances. Sharp and Dohme, 
1935, and 
blood 
The history of lyophilization, or 
freeze-drying, been reviewed Flosdorf. 

the of Flosdorf Mudd” de 
seribing the lyophile process and that of Flosdorf 
Mudd * the 
reports freezing and 


Ine., installed the first such machine, in 
the first to 
plasma, in 1940. 


were produce a frozen-dried 


has by 


Since report and 


describing eryochem 
the 
made. 


and process, 


many about drying of 


cultures have been Schoening et al.” were 
able to maintain the pathogenicity of Salmonella 
choleraesuis in lyophilized cultures for ten years. 
Stockton and Newman 
of 


Raper 


"“ found that two lyophilized 


Vibrio fetus remained viable for 681 
and Alexander® found strains of 
Aspergillus and Penicillium to be viable up to 40 
months. Wickerham and Flickinger reported 
that 1,161 lyophilized strains of yeasts were viable 
after two 


strains 


days. 


years. 

The purpose of this experiment was to 
determine the effect of storage on the vi- 
ability of lyophilized cultures of bacteria, 
viruses, yeasts, and molds held over a 20- 
year period at refrigerator temperature 
and at room temperature. The results, 
Pathology and 


Agricul 
Urbana. 
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after ten years of storage, are reported in 
this paper. 


MATERIALS AND METHODS 


The lyophile apparatus and procedure are similar 
to those reported by Raper and Alexander.” Young, 
growing cultures of yeasts 
With the exception of the clostridia, 
clostridia 


rapidly bacteria and 


were used. 


eultures on agar slants; 


were obtained by centrifuging thioglycollate broth 


were grown 
Fungi were allowed to grow until spores 
Chicken fluids and 
branes or animal fluid or tissues containing viruses 


cultures. 
were formed. embryo mem 
used. 
A heavy 
and 
Seitz-filtered 
found 
allantoie 


were 
of 
prepared it 
teste 


of cultures bacteria, 
molds were 
that had 


Allantoamniotie 


suspension 
of 
serum 


yeasts, spores 
been 

fluid, 

tissue 


with 


equine 


and sterile. chorio 


membrane suspension, or suspen 


sion containing virus was mixed an equal 


part of Seitz-filtered equine serum. 
to 0.1] 


were dispensed 


the 


by 


of 
4-in. 
(outside diameter) sterile, cotton-stoppered Pyrex 
glass tubes, using a long, thin-necked 
Tubes were labeled with glass-marking ink. Most 
of the plug burned the 
remaining portion pushed down into the tube to 
prevent possible contamination during the drying 
The tubes were then inserted into rubber 
tubing on the manifold and lowered into a freez 
ing bath of dry and methyl] 
temperature —40C, for 


Approximately ml. serum 


suspensions into 6-mm. 


pipette. 
cotton was 


away, and 


process. 


cellosolve at a 
two to three 


ice 
below 
minutes. 

Air the the 
temperature surrounding the tubes was raised and 
maintained at —10C,. Water was removed 
from the system by a ice-methy] 
vapor trap. After all moisture 
drawn, the tubes were removed from the bath by 
raising the manifold, and evacuation 
tinued for 45 to at 
perature to remove additional moisture. 
then sealed under vacuum with a 
gas-oxygen torch. After at least 
vial was examined for the presence of vacuum by 
a high-frequency spark coil tester. 


was evacuated from system and 


—5 to 
cellosolve 
with 


dry 
visible was 
was con 
room tem 
The tubes 


cross-fire 


minutes one hour 
were 
one day, each 


Replicates of 53 cultures (table 1) were lyo 
philized in the fall and spring of 1946-1947 and 
at room temperature (approx. 22 to 
32C.) and at refrigerator temperature (approx. 
6 to 7C.). Fifty-eight additional cultures were 
added to the collection as they became available 
and were stored only at refrigerator temperatures. 


were stored 
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Viability of cultures was tested after storage 
for six months, one year, 18 months, two years, 
three years, four years, five years, and ten years. 
Cultures were examined in the spring of 1957 for 
the ten-year interval. Additional cultures added 
to the collection at later dates (table 2) were also 
tested at this time. Bacterial cultures 
constituted by seratching the vial with a file, 
breaking, flaming the opening, and dropping the 
pellet into a tube of broth suitable for cultivation. 

After incubation, the cultures were subcultured 
on agar slant mediums. The eultures were checked 
for viability, contamination, and cultural reactions. 
Fungi were recultivated by pressing the pellet 


were re- 


TABLE I—vViability of Lyophilized Cultures 
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into Sabouraud’s dextrose agar slants and ineu 
bating at room temperature. An 
Histoplasma capsulatum, which was grown on a 


exception was 


blood agar slant at 37 C. 
was determined by dissolving the pellets in saline 
solution or broth, and 
bryos or susceptible animals. 


The viability of viruses 


inoculating chicken em 


RESULTS 


All 53 cultures (table 1) were found to 
be viable after storage for ten years at 
room temperature and at refrigerator tem- 
perature, with the exception of two New- 


Stored for Ten Years at Room Temperature 


and at Refrigerator Temperature 


Viability 


Culture 
No Species 


Brucella abortus 

Br. abortus 

Br. suis 
Corynebacterium 

C. equi 

C. rodentium 

OC. renale 

C. pyogenes 
Erysipelothriz rhusiopathiae 
Ery. rhusiopathiae 
Listeria monocytogenes 
L. monocytogenes 
Pasteurella multocida 
P. multocida 

P. multocida 

P. multocida 
Streptococcus agalactiae 
Str. uberis 
Salmonella derby 

choleraesuis 

anatum 

typhimurium 

give 

bredeney 

oranienburg 

cerro 

panama 
. worthington 
kentucky 
senftenberg 
. meleagridis 
newport 
. typhimurium 
bareilly 
- pullorum 
pullorum 
. pullorum 
pullorum 

S. pullorum 
Escherichia coli 
Proteus mirabilis 

P. vulgaris 
Pseudomonas aeruginosa 
Ps. aeruginosa 
Aerobacter aerogenes 
Alecaligenes faecalis 
Candida albicans 
Aspergillus fumigatus 
A. flavus 

Bacillus anthracis 
Fow!]pox virus 
Newcastle disease virus 


6 


| | 


nn 
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Newcastle disea se virus 


Source 


U.S.D.A., ARS, strain 19 
Pig 


University of Kentucky 
Nat. Inst. of Health 
Michigan State University 
Storrs Agric. Exper. Sta., 
Pig 

Bovine fetus 

Cow 

Cornell University, 19595 
Pig 

Chicken 

Turkey 

Turkey 

Storrs Agric. Exper. Sta., 
Storrs Agric Exper. Sta 


Chicken 

Pig 

Pig 

Pig 

Pig 

Pig 

Pig 

Pig 

H 107104 
Quail 

Hinshaw strain 
Chicken 
Hinshaw strain 
Hinshaw strain 
Hinshaw strain 


Chicken 


G7552 

Human 

Turkey 

Turkey 

Cow 

Chicken 

Chicken, N.J.-KD 


Chicken, Calif. 11914 


strain 14 


strain 29415 


B10006 


Room tem 
perature 


Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Not viable at 
two years 
Not viable at 
one year 


Refrigerator 
temperature 


Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 


Not viable 
at one year 


4 
| 
1 
1 3 
1 
2 
2-14 
2 
a 
0 
G2 
9 Pig 
9 Pig 
9 Pig 
9 Pig 
9 Pig 
9 Pig 
9-7 
9-8 
9-9 
9-10 
9-11 
9-12 
9-13 
9-14 
9-18 
9-19 
9-20 P75 
9-21 
9-22 P52 
9-23 P127 
9-24 P130 
11-1 
12-10 Pig 
12-16 Pig 
13-4 Pig 
13-6 
14-1 
15-3 
16-1 
16—2 
16—3 
17-1 
N-2 
N-3 
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VIABILITY OF LYOPHILIZED CULTURES 


TABLE 2—Viability of Lyophilized Cultures Stored for Varying Periods at Refrigerator 
Temperature 


Date of 
lyophilization 


Culture 

No Species Viability 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 


Source 


ATCC* 10— 7-49 
Clostridium feseri U.8.D.A., ARS 2-24-50 
Cl. tetani ATCC* 10-20-49 
Cl. septicum U.8.D.A., ARS 10-—26—55 
CL. botulinum type 7-49 
CL. histolyticum ATCC* 2-24-50 
CL. perfringens type B Moredun Inst., Scotland 2— 8-48 
Ol. perfringens type D Corn States Lab 26-49 
Micrococcus pyogenes var 
aureus—Wood 35-B 


1833 
2585-A 
8033 


44703 


Actinomyces bovis 


6282 


Viable 
Micrococcus pyogenes var 

Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 
Viable 


aureus—W 00d 37-B on 
Bovine fetus 
Bovine fetus 
Bovine fetus 


18-1 Vibrio fetus 
18-2 Vv 
K60453 V. fetus 
L14940 V. coli Pig 
Trichophyton mentagrophytes 


fetus 


Microsporum canta 

Cryptococcus neoformans 

Histoplasma capsulatum 

16 field strains fron 
chickens 

Duck 

Chicken 

Five field strains from 
chickens 

Eight field strains from 
turkeys 


Newcastle disease virus 
Viable 
Viable 
Viable 


Duck hepatitis virus 
Laryngotracheitis virus 
Infectious avian bronchitis virus 
Viable 
Turkey sinusitis agent 
(PPLO) 
Pseudorabies Cow 


Nonviable 


K56972 Nonviable 


Swine influenza virus 
ATCC American Type Culture Collection. 
castle disease virus cultures. Newcastle 
disease virus culture No (N.J._KD) was 
viable at refrigerator temperature, but not 
at room temperature. Neweastle disease 
virus culture Ns (Calif._11914) was non- 
viable at both temperatures. 

The dates of lyophilization and viability 
of the 58 additional cultures are recorded 
(table 2). 

scUSSION 

In testing the cultures, it was determined 
if they had survived storage, had sufficient 
characteristics to identify the organism, 
and were not contaminated. 

Only a limited amount of work has been 
done on the effect of storage temperature 
on lyophilized cultures. Weiser and Hen- 
num?* and Proom and Hemmons‘ re- 
ported that the survival was greater in the 
refrigerator than at room temperature or 
37C. Raper and Alexander,*® Hoffstadt 
and Tripe,® and Stockton and Newman ™ 
stored lyophilized cultures at refrigerator 
temperature only. In this study, with the 
exception of one strain of Neweastle dis- 
ease virus, there was no difference in sur- 
vival of cultures stored for ten years at 
room temperature from those stored at re- 
frigerator temperature. 


Three strains from swine 


Viable 


SUMMARY 


Cultures of 111 strains of bacteria, fungi, 
yeasts, and virus were suspended in Seitz- 
filtered equine serum and preserved by the 
lyophile process. Replicates of 53 cultures 
were stored for ten years at room tempera- 
ture (approx. 22 to 32C.) and at refrig- 
erator temperature (approx. 6 to 7C.). 
Fifty-eight cultures were stored at refrig- 
erator temperature only. 


With the exception of one strain of New- 
castle disease virus, culture No (N.J.—-KD), 
there was no difference in survival at room 
temperature and at refrigerator tempera- 
ture of cultures stored for ten years. 


Lyophilized cultures of the turkey sinus- 
itis agent, pseudorabies virus, and one 
strain of Neweastle disease virus, culture 
Ng (Calif.—11914), did not survive storage 
for the period tested. 
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new research facilities for 
PITMAN-MOORE COMPANY 


Division of Allied Laboratories, /nc. 


A new center for research in both human and veterinary 
medicine is under construction by Pitman-Moore Company at a cost of 
approximately $1,500,000. When completed, early in 1959, 
this new building will add 41,000 square feet of space for laboratories, 
offices, and technical equipment in the company’s 
Research Center near Zionsville, Indiana. 


The Indianapolis 
laboratories, 


where 
Within this organization 
originated the policy: 


are produced. } fut Sales to Graduate 


PITMAN-MOORE COMPANY, DIVISION OF 
ALLIED LABORATORIES, INC, 
The Zionsville INDIANAPOLIS 6, INDIANA 


laboratories, 
where 
biologicals 
are produced. 
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